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Abstract 
Resins containing dibenzo-18-crown-6 ( ｾｄｂＱＸｃＶＩ＠ as anchor 
groups have been prepared according to the procedure suggested 
by Blasius and the total capacity, CT , determined by micro-
analysis. 
The e.ffective capacity, CE , of ｾｄｂＱＸｃＶ＠ towards the alkali-
metal salts usirig ·water as reaction media '\..r.as obtained from . 
saturation experiments. 
The electrolyte concentration dependence of the distribu-
tion ratio of 1:1 electrolytes between 9DB18C6 and water at 
298K was studied and the results used to determine the concen-
tration range at which a maximum separation factor between 
two ions could be achieved. 
The rational equilibrium constant, log K' , corrected 
ex 
for activity in the solution phase and the derived apparent 
free energy change, 6G' for the process taking place when 
ex 
ｾｄｂＱＸｃＶ＠ is equilibrated with an aqueous or non-aqueous 
solutions (s) of the different M+A- electrolytes as represented 
by 
are calculated. The ｲｾｳｵｬｴｳ＠ obtained ｣ｬｾ｡ｲｬｹ＠ reflect the 
influence of the anions on the extraction of cations by the 
resin containing the macrocyclic ligand. 
For aqueous solutions of electrolytes containing a common 
cation and different anions the selectivity found is in the 
order Pi >SCN->1->Br->Cl-. An enhancement of selectivity by 
a factor of 1.55xl04 , 8.9lxl0 3 , 2.09xl0 3 and 1.55xl03 is found 
for the picrate salts relative to the chloride, bromide, 
- 3 -
iodide and thiocyanate, respectively. 
The heats associated with the interaction of ｾｄｂＱＸｃＶ＠
and 1:1 electrolytes in aqueous solutions were measured calo-
rimetrically at 298K and the apparent enthalpy change evaluated. 
Combination of the free energy and enthalpy changes yield the 
corresponding entropy changes. The contribution of the 
enthalpy and entropy terms to the free energy suggests that 
the process of extraction of 1:1 electrolytes from the aqueous 
i ｾ＠
solution to the resin phase is enthalpically controlled. 
An interesting relationship is obtained when values for 
the effective capacity of the resin towards the different 1:1 
electrolytes are plotted against the apparent enthalpies 
ＨｾｈＧ＠ ) obtained for the different electrolytes in water. 
ex 
Distribution data for the 1:1 electrolytes and ｾｄｂＱＸｃＶ＠
were obtained in solvents such as N,N-dimethylformamide (DMF), 
propylene carbonate (PC), acetonitrile . (AN), methanol (MeOH) 
and water (H20), in an attempt to evaluate the reaction 
media effects on the extraction of 1:1 electrolytes by these 
resins. Distribution ratios decrease in the order AN>PC> 
Interaction between organic molecules in aqueous solutions 
(urea, thiourea, and phenol) and ｾｄｂＱＸｃＶ＠ were also studied. 
Effective capacity measurements as detemmined by saturation 
experiments at 298K using thiourea and phenol indicate that 
the 1:1 organic molecule:crown ether ratio obtained for the 
former compound is altered to a 4:1 ratio in the case of 
phenol. A possible mechanism based on hydrogen bond formation 
in the resin phase is suggested. 
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1. Introduction · 
The work done by Moore and Pressman1 in 1964 demons-
trated that valynomicine, a biologically active antibiotic 
induces selective uptake of potassium ions facilitating the 
transport of this cation across the cell membrane. Since 
· then, a .number p{ antibiotics have been extensively used j.n 
.research· in an attempt to bbtain some information regarding 
- the ｭ･｣ｨ｡ｮｩｳｭ ｾ＠ for the transport of cations across natural 
and synthetic membranes. 2 Among the naturally occurring 
antibiotics three main groups can be distinguished and these 
are (a) valinomycine (b) antamanide and (c) ｮ｡｣ｴｩｮ･ｳｾ＠
The structures of such compounds are shown in fig.l.l 
The intramolecular cavity of these ligands makes a suitable 
environment for the cation to sit in. As a result,complex 
formation between a ligand and metal ions is obtained. 4 
Detailed information regarding the properties of the naturally 
2 
occurring macrocyclic compounds have been previously reported. 
The rigours of obtaining these antibiotics from biological 
materials encourage research towards the synthesis of macro-
cyclic molecules of similar properties. 
Among the synthetic ligands are those known as crown 
5 6 7 
ethers ' and cryptands. The former ones were discovered 
5 by Pedersen in 1967. The latter ligand was discovered by 
Lehn in 1973 (fig.l.2). Since the material used in the 
present research involves resins containing dibenzo-18-
crown-6 as anchor group detailed information regarding 
these compounds seems to be relevant. 
.... " 
Fig.l.l Antibiotics: (1) valinomycin; (2) enniatin A: ｒ］ｃｈＨｾ･Ｉｅｴ［＠
(3) enniatin B: R=CH(Me 2 ); (4) beauvericin: R=CH2Ph; (5) nonactin: ｒ Ｑ ］ｒ Ｒ ］ｒ Ｓ ］ｒ Ｔ ｾｍ･［＠ (6) rnonactin: ｒ Ｑ ］ｒ Ｒ ］ｒ Ｓ ｾｍ･［＠(7) dinactin: R1=R3=Me, ｒ Ｑ ｾｒ Ｓ ］ｍ･Ｌ＠ R2=R4=Et; ＨＸｾ＠ trinactin; 
R1=Me, R2=R3=R4=Et; (9) tetranactin: ｒ Ｑ ］ｒ Ｒ ｾｒ Ｓ ］ｒ Ｔ ］ｅｴＧ＠(10) antamanide 
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1.1 Macrocyclic polyethexs 'crown' compounds. 
Up to date,more than fifty macrocyclic polyethers con-
taining from 9 to 60 atoms have been ｳｹｮｴｨ･ｳｩｳ･､ｾＧ Ｖ＠ The 
number of oxygen atoms in the crown ether molecules varies 
from 3 to 20 (fig.l.3). 
For each crown compound, the trivial name given is due 
to ＨｾＩ ｾＭ ｴｨ･＠ number and kind of hydrocarbon rings, (b) the 
total number of atoms in the polyether . ring (c) the class 
name 'crown' and. (d) the number of oxygen atoms in the poly-
ether ring. 
1.2 Ion Complexation with macrocyclic polyethefS 'crown' 
compounds. 
Macrocyclic polyethers 'crown' compounds are able to 
form complexes with the salts nf ｴｨｾ＠ elements belonging to 
the following groups of the periodic table: all in IA and 
IB; most in IIA, some in IIB and a few in!IIA, IIIB and 
rvB? 
Complex formation between metal ions and crown compounds 
takes place through ion-dipole interaction between the cation 
and the electronegative oxygen atoms of the polyether ring? 
The complexation of cations by cTown e·thers and ·the s·t.abil i ·ty 
of these complexes depend on a number of factors. The most 
commonly observed are: 
(a) The relative sizes of the incoming ion and the cavity 
of the polyether ring. 
(b) Number,coplanarity and symmetry of the oxygen atoms in 
the polyether ring. 
(c) Basicity of the oxygen atoms. 
Fig. 1.3 Structural formulas of cyclic polyethers "crown compounds" 
(1) Benzo-15-crown-5; (2) Dibenzo-18-crown-6; (3a) Dicyclo-
hexyl-18-crown-6 (isomer A); (3b) Dicyclohexyl-18-crown-6 
(isomer B); (4) 18-crown-6; (5) Tetramethyl Dibenzo-18-
crown-6; (6) Dibenzo-21-crown-7; (7) Dibenzo-27-crown-9; 
(8) Dibenzo-24-crown-8; (9) Dibenzo-30-crown-10 
ｾＢＧＩ＠
ｾｶＭＵ＠
1 
ｱｲｾｶ＠
ｾｊ＠
6 
ｱｾｾ＠
ｾ＠
7 
2 
3a 3b 
0 
5 4 
8 9 
____ ｟｟Ｚ］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］］ｾ ＭＭ ---------- ---
f-J 
V1 
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(d) Steric hindrance in the polyether ｲｩｮｧｾ＠
(e) Solvent effects. 
1.3 Crystal structure by X-ray studies of crown ethers 
and their complexes. 
Only few -structures of noncomplexed cyclic polyethers 
have been determined. As many of these compounds have low 
melting ｰｯｩｮｴｳｾ＠ they :cannot"be studied ｾｹ＠ X-ray diffraction 
techniques. Among the cyclic polyethers which structures 
have been studied in their noncomplexed form are: benzo-13-
crown-48, 18-crown-69 , dibenzo-18-crown-6 10 , cis-anti-cis-
isomer of tetramethyldibenzo-18-crown-6 11 , isomers A-and B 
of dicyclohexyl-18-crown-6 12 and ､ｩ｢･ｮｺｯＭＳＰＭ｣ｲｯｷｮＭＱＰｾ Ｓ＠
Common characteristics of these compounds are (a) ellipti-
cal rings with some of the oxygen atoms pointing outwards 
meaning that the ordered conformation found in the complexed 
crown compounds is not a characteristic of the uncomplexed 
ones (b) "gauche" conformation about the aliphatic carbon-
carbon bonds (c) normal bond length for carbon-oxygen but 
a tendency for the aliphatic carbon-carbon bonds to be 
0 
shorter than 1.54A due to ｶｩ｢ｾ｡ｴｩｯｮＮ＠
Even though the molecules do not have ordered ｳｾｲｵ｣Ｍ
tures, there are several cases in which they are located 
about centres of inversion. This is the case for 18-crown-6, 
cis-anti-cis-isomer (B) of dicyclohexyl-18-crown-6, 
dibenzo-18-crown-6, dibenzo-30-crown-10 and cis-syn-cis-
isomer of tetramethyldibenzo-18-crown-6. Only the cis-syn-
cis isomer (A) of dicyclo-hexyl-18-crown-6 do not lie about 
a centre of inversion. It has a two fold axis of symmetry. 
- 17 -
Crystal structure ､･ｴ･ｲｭｩｮ｡ｴｾｯｮｳ＠ have been reported for 
crown compound complexes containing four, five, six, eight and 
ten oxygen atoms. Among them 
Benzo-13-crown-4 complexes 
Crystal and molecular studies of the complex formed 
betwe_en benzo-13-crown-4 (f_ig .. 1.4a) and lithium thiocyanate 
as reported by Lipscomb et a1 . 8 indicated that on complexa..-
tion a conformational change of ｾｨ･＠ ligand occurs (fig. 1.4b) 
allowing simultaneous coordination of all four oxygens to 
the lithium cation. The metal ions being penta-coordinated 
to four oxygen atoms of the ligand and to the nitrogen atom 
of the anion. 
Benzo-15-crown-5 complexes 
14 15 
. Truter and coworkers ' reported the crystal structure 
of complexes . formed between benzo-15-crown-5 with sodium 
and potassium iodides. These studies revealed that the 1:1 
crown ether:metal ratio observed for the sodium complex is 
altered to 2:1 for the potassium complex. 
The sodium iodide complex crystallises with one molecule 
of water. The cation coordinates forming a pentagonal pyramid 
G> 
with the sodium ion 0.75A out of the plane of the five 
oxygen atoms of the ｬｩｧ｡ｮ､ｾ＠ towards the water molecule 
(fig. 1.5a). The interaction between the anions and the metal 
ion complexes take place through hydrogen bonding from water 
molecules. The crystal structure of the complex with 
potassium iodide shows that the anions in the crystal are 
surrounded by eight complex cations (fig. 1.5b); the potassium 
ion is on a centre of symmetry with the ten oxygen atoms from 
---------------------------------- --- ------- --
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Fig. 1.4: Stereo drawings of (a) Benzo-13-
crown-4 and (b) Lithium thiocya-
nat (benzo-13-crown-4) com lex 
(a) 
Fig. 1.5: (a) Sodium, water(benzo-15-crown-5) 
complex (b) Potassium(benzo-15-crown-
-5) complex 
(a) 
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0 
the ligand lying in two planes 3.34A apart forming a penta-
gonal antiprism. The calcium thiocyanate complex with 
benzo-15-crown-5 was studied by Owen and ｗｩｮｧｦｩ･ｬ､ｾ Ｖ＠ They 
used water and methanol as complexing medium finding that 
the structure was the same in both solvents. The calcium is 
acta-coordinated . to the five oxygen atoms of the ligand, 
·to ·two . ni·trogen atoms of the anions .. and .to one oxygen atom 
of the solvent molecule. : The ether molecule in this eomplex 
is more irregular than in the sodium one;although,the cal-
cium-ether oxygen coordination is similar to the sodium-
ether oxygen ones. 
18-crown-6-complexes. 
The structures of complexes formed between 18-crown-6 
and sodium, potassium, rubidium, caesium and calcium (all 
thiocyanates) were studied by Dunitz and coworkers?,l 7- 20 
These authors examined the effect of cation size on struc-
ture for a given ligand. The structure of the crown sodium 
thiocyanate complex shows that the cation is coordinated 
to all six oxygen atoms of the ligand,five of which lie 
approximately in a plane, the sixth being located above 
·the .plane. The sodium is also coordinat·ed to one water 
molecule which is hydrogen bonded to the thiocyanate ion 
(fig.l.6). 
The potassium thiocyanate complex has the metal ion 
at a crystallographic centre of inversion surrounded by the 
six oxygens from the ligand lying nearly in a plane. The 
thiocyanate anions are disordered and interact only weakly 
with the cations (fig.l.7). 
- 20 -
Fig. 1.6: Sodium thiocyanate(l8-crown-6) complex 
Figo 1.7: Potassium thiocyanate(l8-crown-6) complex 
) 
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For cases · such as rubidium and caesium ｴｨｩｯ｣ｹｾｮ｡ｴ･＠
complexes where the cations are too large to fit in the 
cavity of the ligand, some structural changes are observed. 
In these complexes the metal ions are coordinated to the six 
oxygen atoms of 18-crown-6 and to two nitrogen atoms of 
the anions. 
Dibenzo-18-crown-6 complexes 
The firs-t-reported structure .of a crown complex was 
that of the rubidium sodium isothiocyanate dibenzo-18-crown-
621 with a thiocyanate:crown ratio of 2:3. In the crystal 
there is a 1:1 complex and a molecule of crystallisation of 
uncomplexed dibenzo-18-crown-6. The rubidium is coordinated 
to the six coplanar oxygen atoms of the ligand and to the 
nitrogen of the thiocyanate ｦｯｾｭｩｮｧ＠ an ion pair (fig.l.8). 
Tbe sodium coordinates only to the six oxygen atoms of the 
ligand and occupies 45% of the metal sites while the other 
55% is occupied by rubidium ions. 
The crystal structure of the complex formed between 
sodium bromide and dibenzo-18-crown-6 has been reported by 
22 Busch and Truter. The complex crystallises with two 
: molecules of water and the .structure is held in chain by 
water-bromide and water-water hydrogen bonding. One sodium 
ion (A of fig.l.9) is coordinated to eight oxygen atoms, 
six from the ligand and two from axial water molecules, 
whereas sodium B is coordinated to seven oxygen atoms, six 
from the ligand and one from a water molecule and to a 
bromide ion. Both sodium ions are in a hexagonal bipyramid 
with the ligands forming the equator. 
- 22 -
Fig. 1.8: Rubidium thiocyanate(dibenzo-18-
·crown-6) complex 
ORb 
00 
oC 
Fig. 1.9: Sodium bromide dihydrate(dibenzo-
18-crown-6) complex 
8 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ ｾＭﾷＭ Ｍ ·-
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ｾ＠ ｄｩ｣ｹ｣ｬｰｨ･ｸｹｬＭＱＸＭ･ｲｾｷｮＭＶ＠ complexes. 
Five isomers are possible from dicyclohexyl-18-crown-6 29 , 
31,52,89 but only four have been isolated. The crystal struc-
tures of complexes between the cis-syn-cis (A) isomer and 
b . h. 23 1 h . 24 d h . . arlum t locyanate , ant anum nltrate an t e cls-antl-
. (B) '" d d. b .d 25 h b d Cls . 1somer an. so 1um roml e · ave een reporte • 
In the barium ·thiocyanate ｣ｯｭｰｬ･ｸｾ ﾷ＠ tl:te. bariuPI ion fits nicely 
in the cavity of ·the ligand being coordinated to the six 
oxygens from the ligand as well as to both the anions and to 
a water ligand. In the lanthanum nitrate complex, each lan-
thanum is coordinated to the six ether oxygens and to the six 
oxygen atoms from the three bidentate nitrate ligands. The 
ether oxygens are not quite coplanar. The metal-ether oxygen 
0 
distances are typical La-O distances ( N 2. 6A) except for 
0 
two which are 2.89 and 2.92A. 
The sodium bromide (isomer B) complex crystallises 
with two molecules of water. The cation is in a hexagonal 
bipyramide coordinated to the six ether oxygen atoms and to 
two oxygen atoms from water molecules at the apices. The 
structure is held in chain by water-bromide hydrogen bonding . 
. Pibenzo-24-crown-8 complexes. 
Complex formation studies between dibenzo-24-crown-8 
and metal ions indicated a 2:1 metal:ligand ratio. Crystal 
structures of the sodium ortho-nitrophenolate dibenzo-24-
crown-826 and potassium thiocyanate dibenzo-24-crown-8 27 
complexes were reported. 
In the sodium complex, each cation is coordinated to 
three oxygen atoms of the ether ligand, leaving two oxygen 
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atoms of the ligand not coordinated to a cation ＨｦｩｧＮｬｾｬｏＩＮ＠
The ortho-nitrophenolate anion bridges the two sodium and 
completes the coordination of the cation. 
In the potassiumcomplex, each potassium shares the 
thiocyanate _ ions and the ether oxygens so each of them is 
surrounded by five oxygen atoms from the ligand in a plane. 
The nitrogen atoms from the anions are above and below this 
plane and carbon atoms from a benzene ring of another · 
0 
ligand molecule are at 3.3A (fig.l.ll). 
Dibenzo-30-crown-10 
The crystal structure of the potassium iodide complex 
with dibenzo-30-crown-10 has been determined by Bush and 
ｔｲｵｴ･ｲｾ Ｓ＠ It is a 1:1 metal:ligand complex with the potassium 
coordinated to all ten oxygen atoms of the ligand in an 
irregular geometrical arrangement (fig.l.l2). The iodide 
ions do not coordinate with the potassium but they are 
surrounded by six complexed cations. 
1.4 Complex formation studies between crown ethers and metal 
ions in water and non-aqueous solvents. 
The stability constants (log K ) so far reported refer 
s 
to the complexation reaction between a cation , Mn+ (n=l,2 
etc.) and a crown ether ligand, L, in a given solvent(s) 
f h d . 1 d . MLn+ to arm t e correspon ｾｮｧ＠ camp exe ｣｡ｴｾｯｮＬ＠ . The 
process may be represented by 
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Fig. 1.10: Sodium ｯｲｴｨｯｾｮｩｴｲｯｰｨ･ｮｯｬ｡ｴ･Ｈ､ｩ｢･ｮｺｯＭ
24-crown-8) complex 
II 
II 
N.tCf-=--=--=-' 
ＧＡＺＺＺｾＡＬＺＭＮＬ＠
Ｍｾ＠ ... 
Figo loll: Potassium thiocyanate(dibenzo-24-
crown-8) complex 
Fig. 1.12: Potassium iodide(dibenzo-30-crown-10) 
. ; 
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Mn+(s) K sl MLn+(s) + L(s) < · ;. (1.4.1) 
aMLn+ 
(1.4.2) K sl-
aL.aMn+ 
MLn+(s) K s2 ML
2
n+(s) + L(s) ｾ＠ 2'" (1.4.3) 
avT n+ 
1u ..... 2 ( 1. 4. 4·) K -2 -
sl 
aMLn+.aL 
Several techniques have been used to determine the 
stability constants of crown compounds and metal ions in 
water and non-aqueous solvents, and the literature values 
are shown in table 1.1. Also included in this table are the 
methods used for stability constants measurements, reaction 
media and temperature. 
Earlier work in this area showed a good correlation 
between the stability constant and the relative size of 
the metal-ion and ligand cavity (table 1.2) and most of the 
conclusions derived were based on cation-cavity size 
｣ｯｮｳｩ､･ｲ｡ｴｩｯｮｳＮ Ｕ ｾ ＲＸ Ｍ ＳＰ＠
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Table 1.1: Literature values for the stability constants 
(log K ) of metal ion-crown complexes in water s 
and non aqueous ｳｯＱｶｾｮｴｳＮ＠
Expt1.conditions Stability 
Liganda Methodb c o Cation solvent, temp.( C) d Ref. constants 
15C5 CAL. 
CAL. MeOH ,25 
7Li-NMR. MeN0 2 , 25 
MeCN , 25 
PC , 25 
CON. 
Py , 25 
DMSO 
TMG 
25 
(M-11-1) 
0.70±0.10 
K+ 0.74±0.08 
Rb+ 0.62±0.10 
Cs+ 0.8±0.2 
Sr 2+ 1.95±0.08 
Ba 2+ 1.71±0.06 
3.48±0.01 
K+ 3. 77±0.18 
2.71±0.03e 
Cs+ 2.18±0.02 
ca 2+ 2.18±0.05 
Sr 2+ 2.63±0.03 
>4 
>4 
>4 
3. 59±0. 0.8 
1.23±0.06 
2.48±0.02 
ca. 0 
ca. 0 
ca. 0 
4.2 
32 
53 
54 
55 
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Table 1. 1 (cont'd) 
Ligand a b 
Exptl.conditions Stability 
Method ｳｯｬｶ･ｮｴｾ＠ 0 Cation d Ref. temp.( C) constants 
(M-11-1) 
15C5 CON PC 
' 
25 Rb+ 3.0 55 
Cs+ 2.6 
BlSCS CAL H20 , 25 Na+ 0.4(est.) 34 
K+ 0.38±0.10 
20/80wt%Me0H/H20, Na+ 0.72±0.03 
25 K+ 1.20±0.10 
40/60wt%Me0H/H20, Na+ 
1.17±0.12 
25 K+ 1.92±0.04 
60/40wt%MeOH/H20, Na+ 1.64±8.04 
25 
70/30wt%MeOH/H20, N.a 
+ 1.99±0 .. 10 
25 K+ 1.5±0.3 
K+ 4.15±0.02£ 
Rb+ 1.8±0.02 
Rb+ 3.77±0.05£ 
Cs+ 1.70±0.01 
80/20wt%MeOH/H20, Na+ 2. 26±·0. 02 
25 K+ 2.2t0.2 
K+ 4. 80± 0. 05 f 
POL MeCN 
' 
22 Na+ 4.55 50 
K+ 3.40 
Rb+ 2.90 
Cs+ 3.10 
C15C5 POT H20 ' 25 Li+ <1.0 29 
Na+ <0.3 
K+ 0.6 
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Table 1.1 (cont'd) 
Liganda Methodb 
Exptl.conditions Stability· 
c 0 Cation 
constants d Ref. solvent,ternp.( C) 
(M-11-1) 
ClSCS POT. MeOH , 25 Na+ 3.71 
K+ 3.58±0.02 
K+ 1.88±0.07e. 
Cs + . 2.78±0.07 
Cs+ 1.91±0 .. ＲＳｾ＠
18C6 CAL, H20 ' 25 
Na+ 0.80±0.10 32 
K+ 2.03±0.10 
Rb+ 1.56±0.02 
Cs+ 0.99±0.07 
Ca 2+ <0.5 
Sr 2+ 2.72±0.02 
Ba 2+ 3.87±0.02 
POT .. H20 ' 25 Na+ <0.3 29 
K+ 2.06±0.04 
Cs + 0.8 
MeOH 
' 
25 Na+ 4.32±0.04 
K+ 6.10±0.04 
Cs + 4.62 
CAL. MeOH 
' 
25 Na+ 4.36±0.02 53 
K+ 6.06±0.03 
Rb+ 5.32±0.11 
Cs + 4.79±0.05 
Ca 2+ 3.86±0.02 
Sr 2+ >5.5 
Ba2+ 7.04±0.08 
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Table 1 .. 1 (cont'd) 
. • I 
Liganda Methodb 
Exptl.conditions ｓｴ｡｢ｩｾｩｴｹ＠
sol vente, 0 Cation d Ref. temp.( C) ｣ｯｮｾＱ｟｡ｾｊｳ＠
(M 1 ) 
18C6 7Li-NMR, MeN0 2 , 25 Li+ >4 54 
MeCN , 25 2.34±0 .. 04 
PC 
't 25 2.69±0.11 
Me 2co , 25 1.50±0.02 
MeOH 
' 
25 ca. 0 
Py 
' 
25 0.62±0.07 
DMSO 
' 
25 ca. 0 
TMG 
' 
25 ca.O 
H20 ' 25 ca. 0 
CON. PC 25 Na+ 5.6 55 
K+ 6.2 
Rb+ 5.3 
Cs+ 4.4 
B18C6 POL. MeCN 
' 
22 Na+ 4.90 50 
K+ 5.30 
Rb+ 4.40 
Cs + 4.05 
MeOH , 22 K+ 5.20 
C18C6 POT , H2o ' 25 Li+ <0.7 29 
Na+ 0.8 
K+ 1.9±0.04 
Cs+ 0.8 
MeOH 
' 
25 Na+ 4.09 
K+ 5.89 
Cs + 4.30±0.02 
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. Table 1. 1 (cont'd) 
· L · da b Exptl •. conditions Stability 
· ｾｧ｡ｮ＠ Method golventc,temp.(°C) Cation d . Ref. constants 
(M-11-1) 
C18C6 POT. MeOH 
' 
25 Cs+ 1.52±0.18e 
DB18C6 SPEC. H20 ' 25 
Li+ ca. 0 43 
Na+ 1.16 
K+ 1.67 
Rb+ 1.08 
Cs+ 0.83 
Ca 2+ ca. 0 
Sr 2+ 1 
Ba 2+ ca. 1.95 
SOL. H20 ' 25 Na+ 1.1 49 
K+ 1.6 
POT:. MeOH, 25 Na+ 4D36 29 
K+ 5.00 
Cs+ 3.55±0.02 
Cs+ 2.92±0.07e 
POL. MeCN , 22 Na+ 5.00 so 
K+ 4.70 
Rb+ 3.70 
Cs+ 3.50 
K+ 4.60 
POT. MeCN 
' 
25 Na+ 4.85 49 
K+ 4.81 
Cs+ 3.59 
PC 
' 
25 Na+ 5.20 49 
K+ 5.13 
Rb+ 3.91 
Cs+ 3.31 
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Table 1 .1 (cont'd) 
Liganda Method0 
Exptl. conditions Stability · 
c 0 Cation . d Ref. solvent, temp.( C) constants 
(M-11-1) 
DB18C6 POT DMSO 
' 
25 Na+ 1.93 
K+ 2.46 
CON MeCN ., 25 Na+ 5.00 56 
K+ 4.8 
DC18C6 SPEC H20 ' 
25 Li+ 0.60 43 
Na+ 1.48-1.85 
K+ 2.18 
Rb+ 1.52 
Cs+ 1.25 
Ca 2+ 0 
Sr 2+ 3.24 
Ba 2+ 3.57 
CAL H20 , 25 Na+ 1.21±0.09 32 
K+ 2.02±0.03 31 
Rb+ 1.52±0.01 
Cs+ 0.96±0.06 
Sr 2+ 3.24±0.02 
Ba 
2+. 
3.57±0.02 
POT H20 , 25 Li+ 0.6±0.3 29 
Na+ 1.5-1.85 
K+ 2.18±0.04 
Cs+ 1.25±0.04 
MeOH 
' 
25 Na+ 4.08 
K+ 6.01 
cs+ 4.61 
. . ---------------------------
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Table 1.1 (corit'd) 
Ligand a 
. b Exptl'. conditions Stability 
Method c 0 Cation d Ref. solvent, temp.( C) constants 
(M-11-1) 
DC18C6 SPEC H20 ' 25 
Na+ 1.18-1.60 43 
cis-
anti- K+ 1.78 
cis 
Rb+ 0.88 
Cs + 0.90 
Ca 2+ 0 ca. 
Sr 2+ 2.63 
Ba 2+ 3.28 
CAL H20 ' 25 
Na+ 0.69±0.12 32 
K+ 1.63±0.03 31 
Rb+ 0.87±0.01 
Sr + 2.64±0.03 
Ba 2+ 3.27±0.02 
POT H20 , 25 Na+ 1.2-1.6 29 
K+ 1.78±0.04 
Cs + 0.9 
MeOH 25 Na + 3.68 
' 
K+ 5.38 
Cs + 3.49 
DC18C6 POT MeOH 24.5, Na + 2.52±0.1 52 
' trans-
anti- 19' K+ 3.26±0.1 
trans 
Rb+ 22, 2.73±0.1 
19.5 Cs + 2.27±0.1 
DC18C6 MeOH 21, Na + 2.99±0.1 
' trans-
syn- 22.5 K+ 4.14±0.1 
trans Rb+ 23 3.42±0.1 
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·Table 1. 1 (cont'd) 
Liganda Methodb 
Exptl.conditions Stability 
ｳｯＱｶ･ｮｴｾｴ･ｭｰＮＨﾰｃＩ＠ Cation . d Ref. constants 
(M-11-1) 
DC18C6 POT MeOH 
' 
19 Cs+ 3.00±0.1 
trans-
syn-
trans 
DMDB- POL .. MeCN 22 + 5.10 50 ., Na 18C6 
K+ 4.80 
Rb+ 4.00 
Cs+ 3.40 
MeOH 
' 
22 K+ 5.00 
21C7 POT MeOH 
' 
25 K+ 4.41 29 
Cs+ 5.02 
Cs+ ae 
CAL MeOH , 25 Na+ 1.73±0.11 53 
K+ 4.22±0.03 
Rb+ 4.86±0.02 
Cs+ 5.01±0.01 
Sr 2+ 1.77±0.06 
Ba 2+ 5.44±0.22 
DB21C7 POT MeOH II 25 Na+ 2.40±0.08 29 
K+ 4.30±0.08 
Cs+ 4.20±0.04 
DC21C7 POT H20 ' 25 Cs+ 1.9±0.04 
24C8 POT MeOH 
' 
25 K+ 3.48±0.04 " 
Cs+ 4.15±0.04 
DB24C8 POT MeOH 
' 
25 K+ 3.49±0.04 
Cs+ 3 . 7 8 ± __ 0 . 0 8 
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Table 1. 1 (cont'd) 
Ligand a Methodb 
Exptl.conditions Stability 
ｳｯｬｶ･ｮｴｾｴ･ｭｰＮＨﾰｃＩ＠ Cation d Ref. constants ｾＭ
(M-11-1) 
DB24C8 CAL 70/30wt%MeOH/H20, Na+ 1.54±0.01 34 
25 K+ 2.42±0.01 
Rb+ 2.55±0.01 
' + Cs 2.48±0.01 
POL MeCN , 22 . Na+ 4.00 50 
K+ 3. 70 
Rb+ 3.40 
Cs+ 3.80 
MeOH 
' 
22 K+ 3.20 
CON PC 
' 
25 Na+ 4.1 55 
K+ 3.7 
Rb+ 3.5 
Cs+ 3.4 
DC24C8 POT H20 ' 25 Cs+ 1 . 9±0.04 
DMDB- POL MeCN 
' 24C8 
22 Na+ 4.10 50 
K+ 3.90 
Rb+ 3.90 
Cs+ 3.90 
MeOH 
' 
22 K+ 3.50 
DB27C9 CAL 70/30wt%Me0H/H 20, Na+ 1.50±0.01 34 
25 K+ 2.86±0.01 
Cs+ 1.42±0.02 
DB30Cl0 POL MeCN 
' 
22 Na+ 3.60 50 
K+ 4.70 
Rb+ 4. 70 
Cs+ 3.50 
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Table 1. 1 (cont'd) 
Liganda Methodb 
Exptl.conditions Stability 
c 0 Cation d Ref. solvent, temp.( C) constants 
(M-11-1) 
DB30C10 POL MeOH 
' 
22 K+ 3.90 
POT MeOH , 25 Na+ 2.0±0.2 29 
K+ 4.60±0.08 
N,a + 2.80±0.04 57 
K+ 4.23±0.08 
DMDB- POL MeCN 
' 
22 Na+ 3.60 50 
30C10 
K+ 4.80 
Rb+ 4.90 
Cs+ 3.80 
MeOH 
' 
22 K+ 4. 70 
Rb+ 4.65 
POT MeOH , 25 Na+ 2.52±0.2 57 
K+ 4.67±0.07 
DB60- POT MeOH 
' 
25 K+ 3.90±0.08 29 
C20 
a 15C5 = 15-crown-5; B15C5 = benzo-15-crown-5; C15C5 = cyc1o-
hexy1-15-crown-5; ＱＸｃｾ＠ = 18·-crown-6; B18C6 = benzo-18-
crown-6; C18C6 = cyclohexyl-18-crown-6; DB18C6 = dibenzo-
18-crown-6; DC18C6 = dicyc1ohexyl-18-crown-6; DMDB18C6 = 
dimethyldibenzo-18-crown-6; 21C7 = 21-crown-7; DB21C7 
dibenzo-21-crown-7; DC21C7 = dicyclohexyl-21-crown-7; 
24C8 = 24-crown-8; DB24C8 = dibenzo-24-crown-8; DC24C8 
dicyc1ohexyl-24-crown-8; DMDB24C8 = dirnethyl-dibenzo-24-
crown-8; DB27C9 = dibenzo-27-crown-9; DB30C10 = dibenzo-
- 37 -
30-crown-10; DMDB30Cl0 = dimethyldibenzo-30-crown-10; 
DB60C20 = dibenzo-60-crown-20 
b CAL = calorimetric; POL = polarographic; POT = potentia-
c 
metric ･ｭｰｬｯｾｩｮｧ＠ cation-selective electrodes; SPEC = 
spectrophotometric; CON = conductimetric; SOL = solubility 
measurements; the stability values obtained employing 
M+-NMR techniques are apparent values 
Abreviations: MeCN = acetonitrile; MeN0 2 = nitromethane; 
PC = propylene carbonate; DMSO = dimethyl sulphoxide; 
DMF = N,N'-dimethyl formamide 
d Stability constants (log K1 ) unless otherwise indicated 
e log K2 
f ｾＲ＠ defined for the reaction 
- 38 -
29 Frensdorff using a potentiometric technique ｭｾ｡ｳｵｲ･､＠
the stability constants for the reaction of a number of 
cyclic polyethers and metal ions in methanol. The selecti-
vity pattern shown by the different crown compounds towards 
the metal ions seemed to follow the cation-cavity size 
relation (table 1.3) + + changing from Na > K for dicyclo-
hexyl-14-crown-4 to + ·+ + Na N K > Cs for cyclohexyl-15-
crown-S to ｋＫｾ＠ Cs+ > ｎ｡ｾ Ｍ ｦｯｲ＠ dibenzo-21-crown-7 and 
to Cs+ > K+ for dibenzo-24-crown-8. 
Christensen and coworkers 31 - 33 used the titration 
calorimetry technique to determine the stability constants 
for the complexation between mono and bivalent cations 
with each of the two isomers (A and B) of the ligand 
dicyclohexyl-18-crown-6 in aqueous solution. A correlation 
betweeen log K and cation size was shown by the authors 
s 
(fig.l.13). The change of log K with cation radius is 
smaller in the case of the monovalent cations. The stability 
sequence of the alkali and alkaline earth metal ions with 
either isomer is + + + + .+ K >Rb >Cs ,Na >Ll 
M 2+ g. In all cases,log K values for metal complexes of 
isomer A are larger than those for · the corresponding metal 
complexes of isomer B (table 1.4). 
The selectivity pattern shown by the crown ethers 
towards metal ions indicates that there is a preference for 
cations of a near size to the cavity,followed by a cation 
whose size is larger than that of the cavity. This effect 
is appreciated when comparing the log K values determined by 
5 
4 
3 
1 
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F-ig. 1.13:: Plot of log K vs cation radius· . for 
the reaction in aqueous solution, Mn+ + L = 
MLn+ where ｌ］､ｩ｣ｹ｣ｬｯｨ･ｸｹｬＭＱＸＭ｣ｲｾｷｮＭＶＬ＠
isomer A ( • ) ; dicyclohexy1-18-crown-6, 
isomer B ( o ) 
Hg2+ 
Hg2+, 
I 
I 
0.6 0.8 1.0 1.2 1.4 1.6 
0 
Ionic crystal radius of cation (A) 
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Table 1.2: c . 28 at1on - and hole 30 diameters. 
Cation Cation Polyether Hole 0 0 
diameter (A) ring diameter (A) 
Li+ 1.20 14-crown-4 1.2 - 1.5 
Na + 1.90 15-crown-5 1.7 - -2.2 
K+ 2.66 18-crown-6 2 -.-6 3.2 
Rb+ 2. 9·6 11-crown-7 3.4 - 4.3 
Cs+ 3.34 24-crown-8 > 4a 
a Hole diameter from ref. 29 
Table 1.3: Stability constants in methanol at 25°C as 
determined by ｆｲ･ｮｳ､ｯｲｦﾣｾ Ｙ＠
Na+ 
Polyether log K1 log 
Dicyclohexyl-14- 2.18 
crown-4 ±0.08 
Cyclohexyl-15- 3.71 
crown-S ±0.04 
Dibenzo-18- 4.36 
crown-6 ±0.04 
Dibenzo-21- 2.40 
crown-7 ±0.08 
Dibenzo-24-
crown-8 
K2 log Kl 
1.30 
±0.08 
3.58 
±0.02 
5.00 
±0.04 
ｬｾＮ＠ 30 
±0.08 
3.49 
±0.04 
K+ 
log K2 
1.88 
±0.07 
2.78 1.91 
±0.07 ±0.23 
3.55 2.92 
±0.02 ±0.07 
4 .• 20 
±0.04 
3.78 
±0.08 
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Table 1 .. 4· Stability constants-- (log Ks) for the reaction 
n+ - n+ 
M + L ｾ＠ HL with L = DC18C6 
0 Temp.( C) 
10 
25 
-10 
'L5 
J.Q 
25 
40 
25 
10 
25 
40 
10 
25 
40 
2.15±0.02 
2 .• 02±0.03 
1.9l:t.0.03 
1.61±0.01 
1.52±0.01 
1.40±0.02 
1.00±0.07 
0.96±0.06 
1.21±0.09 
3 .. 43±0.01 
3.24±0.02 
3.16±0.10 
3.84±0.03 
3.57±0.02 
3.47±0.01 
a Stability constant for isomer A. 
b Stability constant for isomer B. 
log ｋｾ＠
1.79±0.02 
-1.63±0.03 
1.50±0.05 
0.95±0.05 
0.87±0.01 
0.86±0.04 
0.69±0.12 
2.80±0.01 
2.64±0.03 
2.56±0.04 
3.44±0.09 
3.27±0.02 
3.12±0.02 
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Christensen and coworkers 34 ·for rubidium, potassium and 
caesium with benzo-15-crown-5. Complexes with rubidium and 
caesium are more stable than thosewith potassium. Complexa-
tion with a crown is least favoured when the size of the 
cation is smaller than the cavity of the crown. Conforma-
- tional changes of the crown during complexation as well as 
stronger interactions be-tween the cation and the anion bound 
to it have been observed. Such is the case for lithium 
which forms the least stable complex with dibenzo-18-crown-
ＶｾＵ＠ These conclusions seem to apply generally to crowns 
having a·cavity size greater than that of 4-oxygen ring 
(12-crown-4 or ＱＴＭ｣ｲｯｷｮＭＴＩｾ Ｖ＠
Further research in this area undervalues the ion-
. . ff 37,38 ｣｡ｶｾｴｹ＠ ｳｾｺ･＠ e ect and considerable emphasis was 
given to other factors, such as structural features of the 
34 39 
crown ,' interactions between the cations, crown and 
. 38 40 ｡ｮｾｯｮｳ＠ ' d h d d 0 .... h . d" 34,35,41 an t e epen ence '.1 t e ｲ･｡｣ｴｾｯｮ＠ me ｾ｡Ｎ＠
Also the coordination characteristics of a cation becomes 
important in cases where the cavity size of the ligand is 
larger than that of the ｣｡ｴｩｯｮｾ Ｒ＠ This seems to be so 
because under these . condit.ions metal-crown complexation 
becomes strongly dependent on the flexibility of the macro-
cycle. Competing effects of the anionic species for the 
cation were also observed and may be considered. 
Stability constants for the reaction between dibenzo-
30-crown-10 and lithium, sodium, potassium, rubidium and 
caesium have been determined by Chock36 by using a spec-
trophotometric method. The selectivity sequence found was 
that of K+>Rb+>Cs+>Na+>Li: If the solvation and conforma-
. ＭＭ ＭＭ Ｍ ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ ＭＭＭＭＭＭ ＭＭＭＭｾ＠
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tional energy terms for the cation and ligand respectively 
were the only factors determining selectivity; a sequence 
I 
of Cs+>Rb+>K+>Na+>Li+ should have been observed. This was 
1 . d b P . d B . · 42 h b . f h exp a1ne y oon1a an aJaJ on t e as1s o c arge 
transfer. These authors pointed out that the higher ｾｴ｡｢ｩﾭ
lity observed for potassium, rubidium and caesium were due to 
a higher cation polarization induced by the ligand (ligand 
encapsulation) whereas for smaller cations (sodium and 
lithium) interaction with the anion becomes important. The 
sequence for the former cations group is K+>Rb+>Cs+ instead 
of Cs+>Rb+>K+ because there is also a polarization of the 
ligand by the cations (self encapsulation) and the ability 
to produce that polarization decreases from potassium to 
caesium. This effect of self encapsulation is stronger 
than that of ligand encapsulation. 
This contribution of self encapsulation for larger 
cations and involvement with the anion for smaller cations 
can also be observed in the stability sequence in water 
. 31 32 43 for 18-crown-6 cav1ty crowns. ' ' The general selecti-
. 2+ 2+ + + + + .+ 
v1ty sequence was that of Ba >Sr >K >Rb >Cs ｾ＠ Na >L1 > 
ｃ｡ Ｒ Ｋ＾ｍｧｾＫ＠ Stabilities are larger for barium and strontium 
than the comparable sized. _cations such as potassium and 
rubidium and lower for calcium and magnesium than the com-
parable sized sodium and lithium ions. 
Stability constant. data for different metal-crown 
. 34 35 41 44-50 
systems 1n several non-aqueous solvents ' ' ' 
(table 1.1) clearly indicate the important role played by 
the solvent on the stability between crowns and metal ions. 
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Among non-aqueous solvents,stability constants follow the 
trends expected from ion-solvent interactions. Interactions 
between crown ether ligands and solvents seem to be an 
important factor in the stability of metal·ion crown com-
plexes. Taking into account protic solvents such as ｭｾｴｨ｡ｮｯｬ＠
and water,interactions through hydrogen bonds are observed 
. 42 
with the donor ring of the ligand. This effect can be 
appreciated from the stability constants of benzo-15-crown-5, 
- 34 18-crown-6 and dibenzo-24-crown-8 in methanol/water (.1:3) 
and of 15-crown-5, 18-crown-6 and dicyclohexyl-24-crown-8 
in water 32 where,the metal-crown stabilities and selectivi-
ties are more pronounced for 18-crown-6. Among the 24 
ｾ＠ ｾ＠
membered ring crowns,dicyclohexyl-24-crown-8 which being-
the more flexible and basic is the least complexing. 
Interactions between metal=ions and crown compounds 
appear to be a function of number and nature of substituents 
on a given ring size. These control the basicity as well 
as the flexibility of the ligand. Complexing ability 
decreases in the order:unsubstitute ring > alicyclic-fused 
ring > aromatic fused ring as can be observed for the series 
18-crown-6, dicyclohexyl-18-crown-6 and ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶｾ Ｙ＠
Although 18-crown-6 and 21-crown-7 cavity crowns are highly 
｣ｯｭｰｬ･ｸｩｮｧｾ Ｙ＠ hexabenzo-18-crown-6 and heptabenzo-21-crown-7 
1 . 51 are non-comp ･ｸｾｮｧＮ＠
Stability constants for complexes formed between each 
of the four isomers of dicyclohexyl-18-crown-6 and alkali-
metal cations in methanol have been reported in the litera-
52 ture. The different isomers showed different complexing 
--- --- --- ---------------------- -
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abilities. For instance,the stability constants for the 
trans-syn-trans and cis-syn-cis metal-crown isomers are 
higher than for the trans-anti-trans and cis-anti-cis, 
respectively and for the cis-anti-cis and cis-syn-cis 
compared to trans-anti-trans and ｴｲ｡ｮｳＭｳｹｮＭｴｲ｡ｮｳＬｲ･ｳｰ･ｾｴｩｶ･Ｍ
ly. When a comparison was established between the stability 
constants of crown compounds and double charge cations with 
corresponding data for small but similar radii monovalent 
｣｡ｴｩｯｮｳｾｩｴ＠ has been concluded42 that the stability observed 
was lower for bivalent cations than that for monovalent ions 
. + 2+ 32 (L.e. Na >Ca ). However,the stability constants between 
bivalent cations and dicyclohexyl-18-crown-6 (fig.l.3) are 
higher in aqueous solution than those of monovalent cations 
in their respective regions of optimum complex stability. 
Taking into account charge density Poonia and Bojaj 42 
explained the observed behaviour. 
Finally, the cation selectivity of a crown compound 
for mono and bivalent cations seems to be strongly influenced 
by a number of factors such as: (a) the size of the cation 
with respect to that of the donor ring, (b) nature of the 
anionic species, (c) nature of the solvent and (d) structural 
features of the crown compound. 
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1.5 Cryptands. 
Cryptands (fig. 1.2) are a new class of ligands synthesised 
by Lehn? These macrobicyclic compounds have the particularity 
of forming very stable complexes with a large number of cations. 
The complexed metal-ion is referred to as cryptate. The inter-
actions between the macrobicyclic ligands and cations have been 
. . 44 46 58-65 
extensively studied in solution by a number of workers. ' ' 
Potentiometry, ｍｾｎｍｒ＠ and calorimetry techniques have been 
used for this purpose. Stability constants of metal ions and 
cryptands _are reported in Tables 1.5 and 1.6. Compared to the 
crowns (Table 1.6) stability constants of metal ion cryptates 
are in general many orders of magnitude higher than those of 
Crowns 6. 6 , 68 F 1 . th 1 th t . 1 or examp e, ｾｮ＠ me ano e po ｡ｳｳｾｵｭ＠ comp ex 
of the [2.2.2] ( fig. 1.2) is about 104 times more stable 
than the potassium dibenzo-18-crown-6 complex. Unlike the 
crowns, however, cryptands are more selective for bivalent 
cations than similar sized monovalent ｣｡ｴｩｯｮｳｾ Ｘ＠ A barium/ 
potassium selectivity ratio of 104 was found for cryptand 
2.2.2 as the ligand in methanol (Table 1.5). This ratio being 
altered to 2 for dibenzo-18-crown-6 (Table 1.1). 
Also Table 1.6 shows that the stability constants (K ) 
s 
are strongly dependent on the reaction media. This dependence 
is greater for cryptand complexes (cryptates) than for the 
corresponding crown complexes. 67 
Cox and ｣ｯｷｯｲｫ･ｲｳ ＶＹ ｾ＠ analysed solvent effects on different 
cryptates and showed that the decomplexation constant values 
vary about nine orders of magnitude with the different solvents 
considered,whereas complexation constant values, with exception 
Table 1.5 Literature values for the stability constants, of metal ions-cryptates in water and 
non-aqueous solvents. 
Ligand Cavity Solvent, Stability ｾｯｮｳｴ｡ｨｴｳ＠ (log K ) 0 0 s size (A} temp. ( C) 
Li+ Na+ K+ Rb+ Cs+ Mg2+ ca2+ Sr2+ Ba2+ Ref. 
[2.1.1] 1.6 H20,25 5.3 2.8 <2 .. 0 <2.0 <2.0 - 2.8 <2.0 <2.0 7 
MeOH,25 >7.5 6.1 2.3 1.9 
- - - - 7 
[2.21] 2.2 H20 2.5 5.4 3.9 2.55 <2.0 <2.0 6.95 7.35 6.30 7 
MeOH,25 >6.0 >8.0 >8.0 >6.0 5.0 - - - - 7 +--
[2.2.2] 2.8 H20,25 <2.0 3.9 5.4 4.35 
-.....! 
<2.0 <2.0 4.4 8.0 9.5 7 
MeOH,25 2.65 >8.0 >8.0 6.4 4.4 
- - - - 7 
Me0H/H20 6.6 >8.0 7 7:3, 25 - - - - - - -
MeOH/H20 6.95 9.45 7 95/5,25 - - - - - - -
H20,30 0.99 84 
±0.15 
Pyridine,, 2.94 62 30 ±0.10 
PC,46 3.60 
±0.20 
------------------------------------------------------------------------- -- -
Table 1.5 (cont'd) 
Ligand Cavity Solvent Stsbility constants · (log Ks) 0 0 size{A) temp.( C) Li+ Na+ K+ Rb+ Cs+ Mg2+ Ca 2+ sr2+ Ba2+ Ref. 
Me 2co,46 3.58 
±0 .. 07 
DMF,46 3.85 
±0.07 85 
PC,25 3.97 
Me 2co,25 4.03 
DMF,25 2 016' 
I 
DMS0,25 1 .. 45 ｾ＠00 
Pyridine >5 
MeCN 4.57 
[3.2.2] 3.6 H2o,25 <2.0 1.65 2.2 2 .. 05 2 .. 2 (2o0 N2 3.4 6.0 7 
MeOH,25 2 .. 3 5.0 7.6 7.9 8.0 
- - - - 7 
[3.3.2] 4.2 H20,25 <2.0 <2.0 <2.0 ｾＰＮＷ＠ <2.0 <2.0 <2.0 t\J2 3.65 7 
MeOH, 25 
- 3.2 6o0 6.15 6 .. 5 - - - - 7 
PC,25 3.17 85 
Me 2co,25 3.54 " 
-- -·-- · · 
Table 1.5 (cont'd) 
Ligand Cavity Solvent, Stability constants (log K ) 0 0 s size(A) temp.( C) 
Li+ Na+ K+ Rb+ Cs+ Mg2+ Ca 2+ sr2+ Ba2+ Ref. 
[3.3.2) 4.2 DMF,25 
1.70 85 
Pyridine, 
25 3.76 II 
MeCN,25 3.55 II 
[3.3.3] 4.8 H20,25 <2.0 <2.0 <2.0 ｾＰＮ＠ 5 <2.0 <2.0 <2.0 <2.0 - 7 ｾ＠
\0 Me0H,25 
- 2.7 5.4 5.7 5.9 - -
- - 7 
--------------------------------------------------------------· ----
Table 1.6 Stability·constants of [2.2.2] and dibenzo-18-crown-6 complexes 
· · 1 · a 25°C 1n var1ous so vents at 
. -b Solvent 
Cation Ligand H20 MeOH EtOH MeCN PC DMF DMSO 
Li+ [2,2,2] 0.98 2.6 ｾＲＮＳ＠ 6.97 6·. 94 
- <1.0 
Na+ 3 .. 98 7.98 8.57 9.63 10.54 6.17 5.35 
K+ 5.47 10 .. 41 10.50 11.31 11.19 7.95 6.99 
Rb+ 4.24 8 .. 98 9 .. 28 9.50 9.02 6.73 5.80 
Cs+ 1.47 4 .. 4 4.17 4 .. 57 4.1 2.16 1.43 
Ag+ V'l 9.6 12.20 11 .. 51 8 .. 99 16.31 10.05 7.22 0 
Na+ DB18C6 0.80 4.4 
- 4 .. 95 5.20 2.80 1.93 
K+ 2.05 5.05 
-
4.77 5 .. 13 
- 2.46 
Rb+ 1.56 4.23 - 3.70 3.91 - 1.9 
Cs+ 1.0 3.55 
- 3.55 3.31 1.48 1.34 
Ag+ 1.50 4.04 
- - 5.82 
a Ref. 67; b Abbreviations: MeCN = acetonitrile; PC = propylene carbonate; 
DMF = N,N-dimethy1formamide; DMSO = dimethy1su1phoxide; MeOH =methanol; 
EtOH = ethanol 
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of some [2.1.1] complexes are all between a range of 106 - 109 
M- 1s: 1 They also found a good correlation between the disso-
ciation (log Kd) and stability (log Ks) values with a wide 
range of cations and solvents which suggests that the changes 
observed on the stability values with the solvent are strongly 
dependent on the decomplexation constants. 
Cryptands of cavity sizes compatible with different cations 
can be obtained by varying nand m from 0 to·2 .. in the bicyclic 
ligand , fig. 1.2. Regarding monovalent ions, Ｚｴｨ･ｾ､ｩｦｦ･ｲ･ｮｴ＠
cryptands form the more stable complexes with those cations 
which best fit into the cavity of the ligand. Thus1 cryptands 
[1.1.1], [2.1.1], [2.2.1] and [2.2.2] form the most stable 
complexes with hydrogen, lithium, sodium and potassium respec-
t . 1 61,70 ｾｶ･＠ y. 
The kinetics of complexation and decomplexation is strongly 
modified by variation in the cavity size of the ligand with 
respect to the size of the cation (table 1.7). Cryptands form 
inclusion complexes with cations of a similar size as that of 
their cavity. The process of complexation in this case involves 
a slow exchange of cations (compared to that of crown complexes) 
with high and low complexation and decomplexation constants 
respectively as observed for the complexes ｛ｎ｡ｾＲＮＲＮＱ｝＠ and 
[Kt2.2.2] 66 (table 1.7). However, for the cryptates where the 
cation size exceeds that of the cavity of the ligand such is 
the case for [NJ- 2.1.1] and [K-2.2.1], the complexation cons-
tants can be either high (potassium) or low (sodium) but the 
d 1 t . 1 h. h 66 Th. h t ecomp exa ｾｯｮ＠ constants are a ways ｾｧ＠ . ｾｳ＠ suggests t a 
' 62 
these cations-ligand combinations, like ｛ｃｳｾＲＮＲＮＲ｝＠ , produce 
exclusion complexes in which the cation is only partially 
-----------------------------------------
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Table 1.7 Kinetics of complex formation of crown ether and 
cryptand complexes in water at ＲＵﾰｃｾ＠
Ligand 
1SC5 
18C6 
f2.1.1] 
[ 2. 2.1 J 
( 2. 2. 2] 
a Ref. 67 
Cation 
Na+ 
K+ 
Rb+ 
Ag+ 
sr 2+ 
Ba 2+ 
Li+ 
Ag+ 
sr 2+ 
l:Sa2+ 
Li+ 
Na+ 
ca 2+ 
Na+ 
K+ 
Ca 2+ 
Sr 2+ 
Ba 2+ 
Na+ 
K+ 
I -1 -1 Kf M s 
2.4xl08 
4.3xlo8 
4.6xl08 
6.4xlo8 
6.Sxl0 7 
1.2x108 
ca. 8xl0 7 
2.2x108 
4.3xi0 8 
4.4xl08 
4.3xl08 
1.2xl09 
7.7xlo 7 
l.3xl0 8 
8.0xl0 3 
2.2x10 5 
2.6xl0 2 
3.6xl06 
1.8xl0 7 
5.4xl03 
3.3xl04 
1.2xl0 5 
1. 2xl0 6 
2.0x10 6 
3.lxl06 
5.4xl03 
7.5xl0 3 
S.Sxl04 
ca. 
-1 Kd/s 
4.8xl0 7 
7.8xl0 7 
1.2x10 7 
7.4xl0 7 
7.3xl0 5 
2.3xl0 6 
6xl0 7 
3.4xl0 7 
3.7xl0 6 
1.2xl0 7 
4.4xl0 7 
3.Sxl08 
1.5xl05 
1.7xlOL. 
2.5xlo- 2 
1.4xl0- 2 
8.2xlo-l 
1.45xl01 
2.0x10 3 
6.lxl0- 4 
l.Sxl0- 3 
6.lxl0- 2 
1.5xl02 
7.5 
1.4xl02 
2.lxlo-l 
7.5xl0-S 
1.8xl0-S 
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attached to the cavity of the ligand. Poonia and Bajaj 42 
concluded that high charge density cations such as sodium 
interact more strongly with anions, so a low complexing cons-
tant should be expected, whereas with potassium which interacts 
less strongly with the counterion higher complexation cons-
tant should be obtained. 
1.6 Antibiotics. 
The naturally occurring antibiotics have been widely 
studied as complex formers with various cations and more 
specifically, with alkali metal ions. Valinomicyn, which is a 
cyclodepsipeptide ( 1 Figo 1.1) is the antibiotic that has 
been investigated most extensively in solution. 71 - 74 The 
selectivity pattern shown by this antibiotic towards a 
cation seems to be dependent on the coordinative characteristics 
of the cation and.the reaction media. 42 The sequence 
observed for valinomycin towards monovalent cation is in 
the order ｾＦＫ＾ Ｎ ｋﾷＫ＾ｃｳＫ＾ｎ｡Ｋ＾ｌｩＫＮ＠ In quantitative terms, potas-
sium is more selective than sodium by a factor of 105 in 
methanol (Table 1.8). 75 Patel , using 13c nuclear magnetic 
resonance technique studied the reaction between potassium 
and valinomycin in methanol. They found that conformational 
changes of the ligand take place during complexation. 
Similar spectra ; obtained for the rubidium and caesium vali-
nomycin complexes suggested that the conformation of the 
depsipeptide must be similar when complexed with these three 
cations. Further structural studies in solution of valinomycin 
with metal ions have been reported by Ovchinnikov and Ivanov. 76 
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The structure of the sodium complex is solvent dependent unlike 
its potassium analogue. A 1:2 cation:ligand complex has been 
found for potassium77 which suggests · that the coordinat.iV'e 
characteristics of the cation must also be considered. 
Within the valinomicyn group-enniantin A (2 fig. ＱＮＱｾ＠
. } 
., 
enniantin B (3. fig. 1.1) and beauvericin (4 fig. 1.1) are 
it1 file.. ｣Ｎｾｳｾ ﾷ＠
well known antibiotics. As#the 18-crown-6 compounds,· these 
are characterised by a 18 membered ring. They are not able 
to form intramolecular hydrogen bonds as found in valinomicyn. 
In general they form 1:1 complexes with monovalent ions? 2- 74 , 78 
although 2:3 complexes (caesium-enniantin B) 79 , 80 or 1:2 
complexes (potassium-enniantin B79 ) have been reported. 
This seems to apply to those cations which are larger than 
the cavity of the ligand. Although the selectivity shown by 
these antibiotics towards the alkali-metal ions follows the 
same pattern as that found for valinomycin, the stability 
constants of complexes formed between these three depsipep-
tides and alkali-metal ions are relatively lower than those 
of valinomicyn. 
Macrotetrolides, known as nactins involve compounds 
such as nonactin,monactin, dinactin, trinactin and tetranac-
tin (5-9 fig. 1.1). The difference between these four nac-
tins are due to the number of ethyl substituents on a common 
skeleton. The general selectivity sequence shown by these 
antibiotics in solution towards the monovalent metals as 
indicated by their stability constants (table 1.8) is in the 
+ + + + + 81 
order K >Rb >Cs N Na >Li which is the same as that shown 
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by valinomicyn (table 1.8) and dibenzo-30-crown-10 {table 1.1) 
towards the metal alkali cations. 
Antamanide is a decapeptide antibiotic (10 fig. 1.1) 
which unlike the antibiotics previously discussed shows a 
.selectivity sequence in the order of Li+<Na+>Rb+>Cs+ for 
. 2+ 2+ 2+ 2+ 
monovalent cat1ons and of Ca >Sr >Ba >Mg for bivalent 
cations. 82 •83 A 1:1 and 1:2 stoichiometry has been reported 
for sodium and calcium respectively with this ligand. 76 
Both, antibiotics and crown compounds induce transport 
of cations across artificial natural membranes, although the 
effect exercised by the crown ethers is weaker than that of 
th t 11 . . b. . 38 e na ura y occurr1ng ant1 10t1cs. 
Table 1 .. 8 Literature values for the stability constants (log K )a of alkali-metal-
s 
naturally occurring antibiotic complexes. 
Exptl. conditions .. lo,:g 'iz /M- 1dm - 3 s Antibiotic 0 Li+ Na+ K' Rb+ Cs+ solvent, temp.( C) 
Valinomicyn MeOH,25 <0.70 0.67 4.90 5.25 4.41 
MeOH,25 1.08 >3.88 
EtOH,25 K=O 6.30 6.40 5.81 
Enniantin A MeOH,25 3.08 V1 
0\ 
EtOH,25 3.46 3.99 
Enniantin B MeOH, 25 1.28 2.41 2.92 2.72 2.32 
MeOH,25 2.37 2.91 
·- / , ; 
ｅｴｏｈｾＲＵ＠ 3.11 3.57 3.59 3.33 
Beauvericin EtOH,25 2.00 2.48 3.48 3.55 3.55 
Nonactin MeOH,25 2.43 3.70 3.62 2.97 
MeOH,25 2.83 4.60 
EtQH,25 3 .. 36 4.72 
EtOH,25 3.39 5.36 
Table le8 (cont'd) 
·log· K. Ｉｍｾ Ｑ ､ｭ＠ - 3 
Exptl. ｣ｯｮ､ｩｾｩｯｮｳ＠ s Antibiotic 
0 Li+ Na+ K+ ﾷ Ｍ ﾷｾ ｆ Ｍ Cs+ solvent, temp.( C) Rb 
Monactin MeOH,30 2.62 4.15 3.62 3.15 
EtOH,30 3.58 4.57 
Dinactin MeOH,30 2.99 3.83 3.73 3.34 
Trinactin MeOH,30 3.96 3.45 
EtOH,30 3.65 V'l 
'-J 
An taman ide MeOH,25 <1 2.70 1 
EtOH,25 3.31 2.27 
a values from ref. 86 
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1.7 Solvent extraction of metal ions by crown ethers. 
The extraction of electrolytes from water to non-aqueous 
solvents involving macrocyclic ligands is an area of consider-
able practical interest. Extraction studies using natural 
occurring ｡ｮｴｾ｢ｩｯｴｩ｣ｳ＠ and 1:1 electrolytes were reported by 
Eisenman in ＱＹＶＷｾ Ｗ＠ The discovery of synthetic macrocyclic 
ligands such as crown ethers and cryptands and their specific 
ion-binding properties encourages their use for the extraction 
of metal ions from water to non-aqueous media. 
In 1971, Frensdorff and Pedersen30 reported the first 
set of data on the extraction of metal ion picrates by dicyclo-
hexyl-18-crown-6 compounds in the water-methylene chloride 
systema The extraction constant, K for the overall reac-
ex 
t . 87-90 d b ｾｯｮ＠ as represente y 
+ M ( aq) + A ( aq) + L(org) 
expressed in terms of molar concentrations is 
K 
ex 
In (1.6.1) and + -( 1 • 6 • 2 ) , [ M L.A ] 
org 
(1.6.2) 
and [L]org are 
the abbreviations used to indicate the associated cation complex 
and the ligand in the organic phase, respectivelyo ａ｢｢ｲ･ｶｩ｡ｾ＠
tions [M+]aq and [A-]aq refer to the cation and anion 9 
respectively,in the aqueous phase. 
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The overall process (1.6.1) involves: 
(a) Transfer of the crown ligand from the water to the organic 
phase 
.L:<,aq) ·.L.(org) (1.6.3) 
The partition constant for this reaction expressed in terms of 
molar concentrations is given by 
L(org) 
KPL= L(a-q) 
(b) The complexation reaction between the metal ion and crown 
as indicated by 
L.(aq) + *' M (aq) 
The equilibrium constant for process (1.6.5) is the stability 
constant, K ｾ＠ for the metal ion and ligand in aqueous solution s 
and is given by 
K 
s 
[ML+] 
ag (1.6.6) 
(c) The association or ion pair formation constant K , for 
a 
the process indicated by 
+ -M L,A (aq) (1.6.7) 
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is given by 
(1.6.8) 
and 
(d) The transfer of the comp1exed ion pair from the water phase 
to the ｮｯｮｾ｡ｱｵ･ｯｵｳ＠ solvent can be represented by 
The equilibrium constant K for 
M+LA-
given by 
Consequently 
Ks·Ka·K ·M+LA-
Kp 
L 
the process (1.6.9) is 
(1.6.10) 
(1.6.11) 
Replacing K , K , KP + and Kp by eqns (1.6.4), 
s a M LA L J 
(1.6.6), (1.6.7) and (1.6.9) Kext as indicated in eqn. 
(1.6.2) is obtained. Values for the extraction constants 
as reported by Frensdorff89 are shown in table lo9. 
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Table 1.9 Literature values of extraction constants for the 
sodium and potassium picrates by crown ethers at 
ＲＵﾰｃｾ Ｙ＠
Polyether Cation Solvent No.of log K a 
e 
points 
Dicyclohexyl-18-
crown-16 
M" d . b ｾｸ･＠ ｾｳｯｭ･ｲｳ＠ K+ CH2Cl 2 26 3.32±0.08 
Isomer A K+ CH2Cl 2 5 3.60±0.11 
Isomer B K+ CH2Cl 2 5 3.04±0.12 
Mixed isomersb K+ CFC1 2CF2Cl 14 1.28±0.09 
Mixed . b ｾｳｯｭ･ｲｳ＠ K+ n-C6Hl4 9 0.58 
Mixed isomers b Na+ CH2Cl 2 9 1.18±0ol2 
Dibenzo-18-crown-6 K+ CH2Cl 2 9 2.85d:0.07 
a K in M- 2 
e 
b roughly equal parts of the two isomers. 
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Pedersen91 studied the extraction of alkali metal (Li+, 
Na+ ,K+,Cs+) picrates from water to methylene chloride and 
from water to toluene by using several crown ethers (di-t-
butyl-dicyclohexyl-14-crown-5, di-t-buty1-dibenzo-14-crown-
4, t-buty1-cyc1ohexy1-15-crown-5, t-butyl-15-crown-5p 
dicyc1ohexy1-18-crown-6, dibenzo-18-crown-6, dicyc1ohexy1-
21-crown-7, ､ｩ｢･ｮｺｯＭＲＱＭ｣ｲｯｷｮＭＷｾ＠ dicyclohexy1-24-crown-8 
and dibzenzo-24-crown-8) as ligands. Results were discussed 
in terms of the effects of the structure of polyethers 9 
nature of the solvent and :of the salt on the process of 
extraction. Pedersen concluded that (a) the saturated 
polyethers were more effective than the corresponding 
aromatic compounds (b) the change in solvent produced a 
decrease in the efficiency of the extraction process with 
decreasing dielectric constant of the solvent but the oppo-
site effect occurs with the selectivity towards the cations 
(c) unlike toluene the extraction of the metal ions by 
methylene chloride proved very efficient (d) The lithium 
ion in methylene chloride is not complexed efficiently 
although dicyclohexyl-14-crown-4 and di-t butyl-dicyclo-
hexyl-14-crown-4 showed a preference for it. Cyclohexyl-15-
crown-5 and t-butyl cyclohexyl-15-crown-5 prefer sodium 
while dicyclohexyl-18-crown-6, dibenzo-21-crown-7, dicyclo-
hexyl-24-crown-8 and dibenzo-24-crown-8 prefer potassium. 
When the influence of anion on the extraction of cations 
was considered, they used permanganate instead of picrate 
for the extraction of potassium from aqueous solutions into 
methylene chloride$ toluene and cyclohexane using 
dicyclohexyl-18-crown-6. Picrate was better 
extracted than permanganate. Pedersen and Frendsdorf£ 30 
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concluded that extraction is efficient only if the anion is 
large and highly polarizable. 
Kina et a1? 2 extracted potassium picrate and anilino-
sulphonate in the presence of magnesium and calcium into 
1,2-dichloroethane using dibenzo-18-crown-6 as ligand (table 
1.10). It was reported that no interference was obtained by 
magnesium and calcium, even if they· were present 100 times 
in excess over potassium. On the other hand;strontium and 
barium interferred to some extent. Rais and Selucky93 studied 
the extraction of caesium into chloroform in the presence of 
dibenzo-18-crown-6 and the anions dipicrylaminate and tetra-
phenylborate. Dipicrylaminate gave higher distribution ratioso 
Testing other anions, it was found that tetraphenylborate gave 
greater distribution ratios than any other anion considered. 
The solvent effect on the extraction process was also analysedo 
These workers found that the efficiency of different solvents 
on the extraction of 137cs follows the order: methylene 
chloride > dichlorodiethyl ether > bromobenzene > nitroethane 
> chloroform > nitrobenzene > benzene > carbon tetrachloride > 
propylene carbonate > isoamyl acetate. Dibenzo-18-crown-6 
in chloroform does not seem to extract multivalent radio-
elements ( i.e. strontium, zirconium, ruthenium, europium 
and barium. 
Gorican and coworkers 94 extracted several alkali metal 
cations (i.e. lithium,sodium,potassium,rubidium,caesium) from 
aqueous- medium into various nitrobenzene-toluene mixtures using 
dibenzo-18-crown-6. Solvent mixtures covering a dielectric 
constant range between 3o4-35 in the diluent were used to study 
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the effect of the polyether solubility on the selectivity of 
the extractant. It was found that the extractability of the 
alkali-metal cations decreases form pure nitrobenzene to pure 
toluene (£=35 to 3.4). Independently of the diluents, the 
affinity of dibenzo-18-crown-6 for the various alkali-metal 
cations was + + + + .+ K >Rb >Cs >Na ＾ｌｾ＠ • They concluded that the 
diluent influence on the selectivity of dibenzo-18-crown-6 
for the alkali-metal cations is negligible. 
Iwachido and coworkers 90 studied the partition of alkali 
metal picrate complexes of dibenzo-18-crown-6 between water 
and benzene. They found that maximum extraction occurs when 
equimolecular solutions of alkali-metal salts and the polyether 
are added to the system. The thermodynamic quantities ( 6G0 9 
6H0 and ｾ Ｐ Ｉ＠ were determined and it was concluded that the 
magnitude of ｾｓ Ｐ＠ is a result of electrostatic interactions 
between the cations and the polyether as well as the relative 
hydration number and number of product and reactant species. 
The larger the cationic radius,the more negative the parti-
tion entropy becomes. Mitchell and Shanks 95 developed a 
method to determine traces of sodium by neutron activation 
based on the selective extraction of sodium tetraphenylborate 
into chloroform using dicyclohexyl-18-crown-6. 
Sekine et ｡Ｑｾ Ｖ＠ determined the constant of extraction of 
various ｡ｬｫ｡ｬｩＭｾ･ｴ｡ｬ＠ picrates and of thallium using benzene and 
chloroform as the reaction media. 
·.t. 
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Table 1.10 Extraction constants for alkali-metal p.i.c:r.ates and 
anilinosulphonates by crown ether-s at 25°C. 
Polyether Salt Solvent Ref. 
Dibenzo-18-crown-6 NaPi 
. C6H6 2.2 90 
KPi 4.65 
RbPi 3.75 
CsPi 3.07 
TlPi 4.5 
NaPi CHC1 3 3.9 
KPi 5.9 
RbPi 5.6 
CsPi 5.2 
TlPi 5.9 
KPi -Cl(CH2 )Cl 5.85 92 
KAnS 5.24 
KPi C6HS 5.50 99 
t-But-dibenzo-18-
crown':"'6 KPi C6H5 5.28 
- 66 -
Jaber et ｡Ｑｾ Ｗ＠ reported extraction coefficients in difluo-
romethane of alkali and ｡ｬｫ｡ｬｩｮ･ｾ＠ earth metal picrates·o·· wi.th 
dic·.y·c.. to.hexyl-18-crown-6. 
Marcus and Asher 98 studied the factors governing the 
extraction of sodium and potassium cations from aqueous solu-
tions of electrolytes containing different anions (fluoride , 
acetate, nitrate, ｩｯ､ｩ､･ｾ＠ bromide, ｾｨｬｯｲｩ､･＠ or sulphate) by 
crown ethers (dibenzo-18-crown-6 or- dicyclohexyl-18-crown-6) 
dissolved in a number of non-aqueous solvents (dibutylamine 9 
diisopropyl ether, anisole,butyl acetate, benzyl acetate, 
tributyl phosphate, methylene chloride, chloroformt nitroben-
zene, 2-ethylhexanoic acid, 2-octanol, benzonitrile, aceto-
phenone, 1-octano1, hexanol, hexanoic acid, ｡ｮｩｬｩｮ･ｾ＠ pentanoic 
acid, benzyl alcohol, m-cresol, o-chlorophenol, 2,4-dimethyl-
ｰｨ･ｮｯｬＩｾ＠ It was concluded that an efficient extraction of alkali 
metal : halides from aqueous solutions can be ｾ ｭ｡､･＠ if the 
proper choice of crown ether, solvent and extraction conditions 
are selected. The best combination of reactants and conditions 
depend mainly on: (a) the solubility of the crown ether in the 
solvent, (b) the complexing abilities of the crown ether with 
the cation, (c) conditions leading to ion pair formation between 
the anion and cation in the organic phase, (d.) a proper selec-
tivity between alkali-metal cations, (e) influence of the anion, 
cation and role of the solvent on the interaction. The extracta-
with the anionso This order apparently reflects the 
solvation of the anions in watero They concluded that the best 
solvents for extraction with dibenzo-18-crown-6 are phenyl 
alcohol, 2,2,2-trichloroethanol and 2,4-xylenol. 
- ··-· · -- ---------------------
' - 67 -
K. 1100 ｾｭｵｲ｡＠ et a . by using dicyclohexyl-18-crown-6 in 
chloroform efficiently extracted strontium from aqueous solu-
tion at pH . 4.0 to 7.0 containing calcium, magnesium and 
strontium. 
Takeda and coworkers 101 - 104 studied the extraction of 
uni and ｢ｾｶ｡ｬ･ｮｴ＠ cations from aqueous solutions into benzene 
by using different crown ethers Ｈｩｾ ﾷ ･Ｎ＠ 12-crown-4, 15-crown-5, 
benzo-15-crown-5, 18-crown-6, dibenzo-18-crown-6 and dibenzo-
24-crown-8). The overall extraction constant, K , for the ex 
process represented by 
+ M ( aq) + L (org)+ . + ... HA( org) ｾＺｯｩｩｴ［Ｚ］］ＺＺＺｅ］ＭｦｩＡＺＮ＠ M LA_ ( org) + 
for which 
K ex 
[M +LA-=-] • [H+] . 
org ag 
[ M: . + ] [ L ] [ HA ] : . 
aq org org 
+ 
(1.6.12) 
(1 .. 6.13) 
+ ' + -where M , L , HA , M. LA are the notations used to indicate 
the cation, ligand (crown ether), the acid and the ion ｰ｡ｩｲｾ＠
ｲ･ｳｰ･｣ｴｩｶ･ｬｹｾｩｮ＠ aqueous (aq) and organic (org) phases. 
These authors considered in addition to equations (1.6.3)-
(1.6.10) the following equilibria as constituents of the 
overall extraction equilibria: 
(a) The association of picric acid described by 
(1.6.14) 
for which 
K(HA) = 
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[HA] 
ag (1.6.15) 
(b) The transfer of picric acid from the organic to the 
aqueous phase 
( HA) •• ］］］ＺＡｾ＠aq (HA)org 
for which 
Consequently,. 
K 
.ex 
[HA]org 
[HA] 
aq 
(1.6.16) 
(1.6 .. 17) 
(1.6.18) 
The distribution ratio of the metal was represented by 
[M .+LA.:-] 
· org 
DM = --------------[M: .+] + [ML, +] (1.6.19) 
The authors considered that for [tvr '.+] > > [ML .+] 
equation (1.6.19) becomes 
K • K( HA ) e [ L ] [ A- ] · ex org (1.6.20) 
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From a plot of log ＨｄｍＯｦａﾷｾｾＩ＠ versus log [L]org the 
number of ligand molecules coordinated to each metal cation 
are obtained. 
Values for the extraction constants as reported by these 
authors are shown in table 1.11. 
Noguchi and coworkers105 studied the extraction of pro-
tonated aminowacids from aqueous solutions into 1,2-dichloro-
ethane by 18-crown-6 and reported the values for the extrac-
tion constants. 
A mixture of crown ethers (12-crown-4, 15-crown-5, and 
benzo-15-crown-5) and tributyl phosphate (TBP) or thioacetyl-
phosphine (TOPO) in benzene solution was used by Takeda106 
to study the extraction of rubidium and caesiumo They deter-
mined the formation constant in the benzene solution with a 
sequence for rubidium and caesium of benzo-15-crown-5 > 12-
crown-4 > 15-crown-5 and 12-crown-4 > benzo-15-crown-5 > 15-
crown-5jrespectively. The TOPO complex was more extractable 
than the corresponding TBP. 
-- - --------- -------------------
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Table 1.11 .Literature values- of extraction ·cons.tants of 
several.alkali-meta1 1picrates into ｢･ｮｺｾｾ･＠ by 
crown ethers of different cavity size . at 25°C.a 
Cavity Crystal ionic log Crown ether 0 Cation 0 size(A) radius(A) 
12-crown-4 0.5-0.65 Li+ 0.60 
-1.62 
Na+ 0.95 
-1 .. 44 
K+ 1.33 
-1 .. 82 
Rb+ 1.48 
-2 .. 10 
Cs+ 1 .. 69 
-2.18 
. b 0.85-1.1 Li+ 0 .. 60 
-1 .. 10 15-cr6wn-5 
Na+ 0.95 1.,51 
K+ 1.33 0.,19 
Rb+ 1.48 
-0 0 25. 
Cs+ 1.69 
-0 .. 49 
Ca 2+ 0 .. 99 
-1.,07 
Sr 2+ 1.13 0 .. 91 
Ba2+ 1.35 0.41 
Pb 2+ 1.20 1.67 
15-cr6wn-5c 0.85-1.1 Rb+ 1.48 2.15 
Cs+ 1.69 1.48 
Benzo-15-. 0.85-1 .. 1 Li+ 0.60 
-1.13 
crown-S Na+ 0.95 0 .. 90 
K+ 1.33 
-0 .. 46 
Rb+ 1.48 
-0.95 
Cs+ 1.69 
-1 .. 31 
K 
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Table 1.11 (cont'd) 
Cavity Crystal ionic 
Crown ether 0 Cation 0 log K 
size(A) radius(A) 
Benz-o-15- 0.85-1.1 K+ 1.33 1.91 
b 
Rb+ crown-S 1.48 1.22 
Cs+ ' 1.69 0.41 
18-c-r-own- 6 1.3-1.6 ca2+ 0.99 2.24 
sr2+ 0.13 4.93 
Ba2+ 1.35 4.93 
Mg2+ 1.10 3.18 
Pb2+ 1.20 6.96 
ﾷ ｄｩ｢･ｮｺｾ＠ -18- 1.3-1.6 Ca 2+ 0.99 
-0.78 
crown-6 sr2+ 1.13 0.59 
Mg2+ 1.10 1.43 
Pb 2+ 1.20 2.37 
Na+ 0.95 
-0.18 
K+ 1.33 2.26 
Rb+ 1.48 1.36 
Cs+ 1.69 0.68 
Dibenzo- 24- >2 Li+ 0.60 
-1.72 
crown-8 Na+ 0.95 
-0.34 
K+ 1.33 0.40 
Rb+ 1.48 0.61 
Cs+ 1.69 0.76 
Ag+ 1.26 0.70 
Tl+ 1.40 1.67 
Ca 2+ 0.99 
-1.72 
Sr 2+ 1.13 
-0.80 
- 72 -
Table 1.11 (cont'd) 
Cavity Crystal ionic Crown ether Cation 0 0 
radius(A) size(A) 
Dibenzo- >2 Ba 2+ 1.35 24crown8 
Pb 2+ 1.20 
a from ref. 101-104 
b formation of 1:1 metal/ligand complex; 
c formation of 1:2 metal/ligand complex. 
log K 
2.07 
1.53 
- Ｍ Ｍ Ｍ ＭＭＭ ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠
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1.8 Polymers containing crown ethers 
Low yields generally obtained from the synthesis of crown 
ethers and the large number of applications encourage research-
ers to find economical ways to use these expensive compounds. 
The natural choice was to incorporate these macrocyclic ｬｾｧ｡ｮ､ｳ＠
into polymeric supports so that they could be recovered. 
The pioneer work in this field was carried out by Smid 
and coworkers: 07 , 108 By using either radical or anionic 
initiator they prepared a number of polymers such as 4'-vinyl 
monobenzo-15-crown-5, 4'-vinylmonobenzo-18crown-6 (fig. 1.14a) 
and 4'-vinyldibenzo-18-crown-6. The 4-methyl derivative of 
vinyl dibenzo-18-crown-6 did not polymerize radically. Although 
dibenzo-18-crown-6 is virtually insoluble in water ( s = ＹｸｬＰｾ＠
-3 0 
mol.dm at 25 ｃＩｾ＠ the PV-18-crown-6 derivative was found to 
have a solubility of 8.1%. The various polymer ethers were 
found to be soluble in aliphatic hydrocarbons, toluene, chloro-
form, methylene chloride. Also in ｴ･ｴｲ｡ｨｹ､ｲｯｦｵｲ｡ｮｾ＠ and nitro-
benzene. PV-dibenzo-18-crown-6 was reported to be soluble in 
the four last solvents. The extraction of alkali-metal ions 
from aqueous solutions was carried out in the presence of an 
excess of ligand with respect to the cation concentration. 
The solvent system used was water/dichloromethane. It was found 
that the values of the constants of extraction were about 
twice as large as compared with values obtained with the mono-
mer ligand. Under conditions where sandwich complexes were 
formedp the values of the constants of extraction were about 
five to ten times as large as those obtained when the monomer 
sandwich complex was extracted. With PV-15 - crown-5 the 
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selectivity for extracting picrate salts using the constant of 
extraction values based on sodium equal to unity was 0.3 ; 1 ; 28 
.+ + + + + + 29 ; 3.9 and 1.2 for ｌｾ＠ ; Na ; K ; Rb ; Cs and NH4 , 
ｲ･ｳｰ･｣ｴｩｶ･ｬｹｾ＠ while for PV-18-crown-6 the ratio was :Q. 24 ; 1 
23 ; 21 ; 43 ; 1.7. The distribution coefficient for 
PV-15-crown-5 between dichloromethane and water was found ｾｴｯ＠
be about fifty times greater than that of the monomer crown. 
A ratio as large as two ｨｾｮ､ｲ･､＠ and fifty was obtained for the 
distribution of PV-18-crown-6 in the same solvent system. 
Gramain and Frere109 studied the reaction between the 
alkali, alkaline earth, copper, cadmium and lead cations in 
chloroform with a number of polymeric crown ethers obtained 
by polycondensation of ､ｩ｡ｺ｡ ﾷ ｾ Ｎ ｣ｲｯｷｮ＠ ethers.. (fig .. 1.14b) .. 
A 1:1 metal ligand stoichiometry was found in chloroform. 
Independently of the ratio of complexation the values obtained 
for the stability constants were found to be comparable to 
those of the monomeric analogues indicating that the polymeric 
form does not influence the structure of the complexes formed 
in chloroformo The selectivity sequence obtained was in line 
with the concept of maximum stability observed for those 
cations which fit best into the cavity of the ligand. With 
copper (I I)· , cadmium (I I) and lead (I I) higher stabilities were 
obtained with larger ｭ｡｣ｲｯ｣ｹ｣ｬ･ｳｾ ＱＰ＠
The same group of workers 111 extended these studies to 
the synthesis of polyesters and polyarnides containing diaza 
crown ethers in the backbone (fig. 1.14c). The cation bind-
ing properties of these polymers were investigated by extract-
ing picrate . salts into chloroform. A comparison between these 
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results and those obtained with the corresponding monomeric 
ligand showed that the binding properties of the polymers were 
ｾ＠
strongly ､･ｰ･ｮ､ｾｮｴ＠ on the polymeric structure. A decrease in 
the stability of the metal complex formed was attributed to 
the presence of an ester or amide group close to the ring of 
the crown ether. 
Polymeric crown ethers carrying pendant macrocyclic 
112 groups (fig. 1.14d) were prepared by Warshawsky and Kahana. 
Equilibrium distribution experiments in the temperature range 
20-60°C showed that the polymer binds metal cations through 
the residual catechol groups, as well as the crown ether groups, 
allowing an ion-exchange mechanism through the former group and 
a salt coordination mechanism through the latter. The salt 
coordination mechanism is temperature dependent. 
Blasius and coworkers 113 - 121 carried out pioneer work 
on the analytical use of exchange resins containing crown 
ethers or cryptands as anchor groups. They have prepared a 
considerable number of polymeric macrocyclic compounds by 
polycondensation of a crown ether, or cryptand with formalde-
hyde in formic acid. Additional cross-linking agents used 
include toluene, xylene, phenol and resorcinol. Silica has 
122 
also been used as a polymeric support. 
As the present work includes the use ofjDibenzo-18-crown-
6, a detailed account on the research carried out by Blasius 
and coworkers will be given in the next section. 
The behaviour of several alkali and alkaline earth metal 
halides in crown ether modified silicas using water or water/ 
methanol as a mobile phase was studied by Nakajima and co-
123 
workers. They successfully separated ｡ｬｫ｡ｬｩｾｭ･ｴ｡ｾ＠ halides , 
with poly(benzo-15-crown-5) or bis(benzo-15-crown-5) by 
Fig. 1.14 Resins containing crown ethers 
(a) 4'-vinylmonobenzo-18-crown-6; (b) polymeric crown ether obtained by 
polycondensation of diaza crown ethers; (c) polyester and polyamides 
containing diaza crown ether in the backbone; (d) polymeric crown 
ethers ccarrying pendant macrocyclic groups ; (e) his-crown-ethers 
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elution with water or water/methanol mixtures. The separation 
of alkali-metal halides having a common cation was also 
achieved. 
A very interesting work was carried out by Kimura and 
124-125 
coworkers on the extraction of alkali metal picrates 
into chloroform using bis and poly(crown ethers) (fig. 1.14e) 
derived from the reaction between fumaric 126 and succinic 
acids124 and benzo-12-crown-4125 , benzo-15-crown-5 and 
｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶｾ ＲＴ Ｌ ＱＲＶ＠ These workers found that the stoi-
chiometry of the reaction in the organic phase was obtained 
according to the configuration of the bis(crown ether),used. 
The cis-bis(crown ether) gave place to 2:1 crown ether/cation 
complexes with potassium, rubidium and ｣｡･ｳｩｵｭｾ＠ while a 1:1 
stoichiometry was found for the trans-isomer with the alkali 
metals. These results were somewhat ･ｾｰ･｣ｴ･､＠ due to the 
unfavourable conformation of the trans-isomer to form 2:1 
complexes. Consequently;it was found that the extractive 
power of the cis-isomer was higher than that for the trans, 
but both isomers showed better extracting abilities than the 
corresponding monocyclic crown ethers. 
1.9 Preparation of resins with cyclic polyethers as anchor 
groups 
1.9.1 Syntheses of the resins. 
ｒ･ｳｩｮｳｾ＠ which are able to bind specific inorganic salts 
or organic compounds may be obtained by condensation, substitu-
tion or copolymerization reactions with cyclic polyethers of 
different structure and ring ｳｩｺ･ｾｬＩＬｬｬ Ｖ Ｌ ＱＱＹ Ｌ ＱＲＷ＠ The different 
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syntheses of the polymers with cyclic polyethers as anchoring 
groups are listed in fig. 1.15. Dibenzo-crown compounds are 
condensated with formaldehyde in formic acid, thus crosslinked 
by methylene bridges. Additional cross-linking agents were· 
used with monobenzo crown compounds and monobenzo cryptands. 
It was found that monobenzo and dibenzo crown compounds 
can be also bound at a polystyrene-surface via methylene 
bridges by condensation reaction with formaldehyde. 
Polystyrene-like matrices are obtained by polymerization 
reactions of monoviriylbenzo crown compounds with divinylbenzo 
crown compounds or divinylbenzene as cross-linking agents. 
Substitution reactions were carried out with chloro-
methylated polystyrene as well as with silica gel. Monobenzo 
crown compounds substituted by amino, hydroxymethyl orW-bromo-
alkyl groups are linked to the matrix by -C-NH-C ,-C-0-C-, 
-c-c-c- or -Si-NH-C- ｾ＠ -Si-0-C and -Si-C-C- bonds. In 
fig. 1.3 are shown the monomeric polyethers 1,2,6-9 used by 
Blasius as anchor groups. Benzo-15-crown-5 , benzo-18-crown-6 
and dibenzo-18-crown-6 can be introduced into polymeric 
matrices by all syntheses reactions described. Equation (1.9.1) 
describes the condensation of dibenzo-18-crown-6 with formal-
dehyde in formic acid and fig. 1.16 shows several polymers 
obtained by the same procedure. 
The notation 1J used. in equation- 1 D 9.1 is .,the. one used 
by Blasius to indicate the polymer 
Fig 1.15 Procedure of syntheses of resins containing cyclic polyethers as 
anchoring ｧｲｯｵｰｳｾ ＲＷ＠
Procedure of 
synthesis 
Condensation 
Polymerisa-
tion 
Matrix 
Methylene bridges 
Methylene bridges 
Additional cross-
linking reagents 
Methylene bridges 
Polystyrene 
Polystyrene 
Starting materials . for .polymers 
Anchor group 
Dibenzo crown ether 
Dibenzo cryptands 
Monobenzo crown 
Ethers - Monobenzo 
cryptands 
Monobenzo crown ether 
Dibenzo crown ether 
Phenyl crown ether 
Monovinyl monobenzo 
crown ether 
Structure framework 
cross·linking reagents 
Formaldehyde 
Formaldehyde 
Toluene (xylene,phenol, 
.resorcinol) 
Divinyl benzo crown 
ether 
Divinylbenzene 
........ 
\0 
Fig. 1.15 (cont'd) 
Procedure of 
synthesis 
Substitution 
Matrix 
Polystyrene 
Amino bridges 
Polystyrene 
ether bridges 
Silica gel,methoxy 
bridges 
Methoxy bridges 
Silica gel 
alkane bridges 
Starting materials for polymers 
"Anchor grqup 
ａｭｩｮｾ＠ monobenzene 
crown ether 
monocyclic cryptand 
ｈｹ､ｲ｣ｸｹｲｵｾｴｨｹｬ＠ .mono-
benzo crown ether 
non-cyclic ethers 
Hydroxymethyl mono-
benzo crown ether 
UJ-bromoalkane mono-
benzo crown ether 
Structure framework 
cross-linking reagents 
Chloromethylated 
polystyrene 
Silica gel 
---------------------------------------------------------------------------------------------------------------------------------------------- ·--
00 
0 
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Dr-x>"' 
.r()Y . Q + HCHO ｾｾＧＭＭＭＮＱＰｾ＠
Dibenzo-18-crown-6 
Formalde-
hyde 
1.9.2 Properties of the polymers. 
116 119 
and coworkers ' 
ｾｄｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠
(1.9.1) 
carried out an extensive 
study of the properties of these polymerso Numerous advantages 
over the commercially available exchangers were found. These 
resins are highly resistant to chemicals and do not dissolve 
in acetone, dichloromethane, acetonitrile, ethanol, methanol 
and tetrahydrofuran. They are also resistant to SM hydrochlo-
ric acid or SM sodium hydroxide. Their capacity is not 
affected by oxidants such as SM nitric acid, dilute potassium 
permanganate or hydrogen peroxide. Condensation resins are 
slowly dissolved by benzene and cyclohexanone, this does not 
happen if the anchor group is fixed in a polystyrene matrix. 
Resins with cryptand as anchor group are protonated on their 
nitrogen atom at pH lower than two. Thus a complex with 
salts no longer occur5and under these conditions they could 
act as cation exchangers. The thermal stability of the poly-
mers decreases with the increase in ring size from about 
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Fig. 1.16: Polymers obtained by condensation of monomeric 
crown ethers (1) DB14C4; (2) BlSCS cross-linked with phenol; 
(3) DB18C6; (4) 
(5) DB18C6; (6) 
( 9) DB30Cl0 
Bl8C6 cross -1 inked with phenol; 
DB21C7; (7) DB24C8; (8) DB26C6; 
｛ ＭｲｾｮｙｏＫｾＭ｝＠ H ｾＰ＠ ｃｾｈ＠
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370°C down to 180°C. Condensation resins containing dibenzo-
18-crown-6 as 0 anchoring group decomposes at 290 C. Condensa-
tion resins are thermally more resistant than copolymerisation 
ones. Resins in which the anchoring group is linked to the 
styrene matrix by -C-NH-C or -C-0-C bonds are less ｴｨ･ｲｭｾｬｬｹ＠
stable than those linked by -C-C- bonds. These polymers are 
also resistant to radiolysis. Condensation resins being more 
resistant than the polymerisation ones. Dibenzo-24-crown-8 
was exposed to a radiation of 109 rad without causing change 
in its capacity. Due to the neutral nature of the anchor group, 
cations and anions are simultaneously bonded or exchanged. 
The uptake of the cations by these polymers is thought to 
be preceded by either a complete or extensive removal of 
their solvation shell. The stability of the polyether complexes 
was found to be dependent on the cation, anion, solvent, 
polyether ring size and on the number, type and position of 
the heteroatoms oxygen, nitrogen or sulphur. 
Furthermore, the theoretical capacities of these resins 
calculated from the elementary analysis were large and compa-
rable with the more common cationic and anionic exchangers. 
Blasius and coworkers 119 have reported the observed 
capacities in water and methanol for several exchangers 
using potassium and caesium thiocyanate. The working ｴ･ｭｰ･ｲｾ＠
ture is not specified although they point out that increase 
in temperature produces a slight increase in the speed of 
the reaction only for crown ethers of small cavity ring. 119 
The theoretical and observed capacities are shown in Table 1.12 
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Table 1.12 Literature valuesa for the capacity of resins con-
taining crown ethers as anchor groups. 
Resin 
ｾ＠ DB14C4 
ｾｄｂＱＸｃＶ＠
ｾｄｂＲＱｃＷ＠
ｾｄｂＲＴｃＸ＠
ｾｄｂＳＰｃＱＰ＠
Theoretical 
capacity 
(mmol.g- 1 ) 
2.8 
2.7 
2.4 
2.2 
1.8 
Observed capacity 
-· -1 (mmol.g .) salt sol vent 
1.1 LiCl THF 
1.4 LiBr MeCN 
2.6 KSCN MeOH 
1.5 KSCN H20 
1.5 KSCN MeOH 
1.2 KSCN H20 
1.92 CsSCN MeOH 
0.86 CsSCN H20 
1.2 CSSCN H20 
3.0 KSCN CH30H 
1.2 KSCN H20 
a Ref. 119 (temperature not specified). 
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for condensation resins containing dibenzo crown ethers as 
anchor groups. The value of 2. 6· mmol_.g-l for dibenzo-18-
crown-6 in methanol agrees with its theoretical capacity 
which assure the formation of a 1:1 complex with potassium 
ｴｨｩｯ｣ｹ｡ｮ｡ｴ･Ｎｾ＠ In general, the capacity values in water were. 
found to be about half the value of those in methanol. 
1.9.3 Equilibrium experiments. 
Distribution ratio between electrolytes solution in 
aqueous and non-aqueous media (mostly methanol) and resins 
containing crown ethers as anchor groups have been determined 
by Blasius et al! 16 , 119 The data are based on experimental 
work carried out with a fixed amount of resin (lg) and a 
given concentration of the electrolyte (O.OS· mol.dm- 3 ). Parti-
' i' 
tion coefficients reported by Blasius at room temperature 
expressed as oC (equation ＱＮｾＮＲＩ＠ are shown in table 1.13. 
c. - c 
c( = l. e 
c 
e 
( 1. 9. L) 
where ｾ＠ indicates the distribution coefficient, C. and C 
l. e 
are the notations used to indicate the initial and equilibrium 
molar concentrations of the electrolyte in solution. The 
order of selectivity found with the different resins in 
methanol are summarized in table 1.14. In general the order 
of selectivities found is similar to that shown by monomeric 
complexes. With the anions,the selectivity increases with 
their polarizability. 
Table 1.13 Distribution coefficient with condensation resins containing crown ethers in H
2
o and ｈ･ｾ＠
_4)DB14C4 
_¢Bl5C5 g,oB18C6 
.HeOH cross-linked with phenol 
H20 
- - - SCN. Cl- - - SCN- C1- - - SCN-cation Cl Br I Br I Br I 
u• 0.02 0.03 0.02 
-
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ {0.01 0.2 0.4 0.5 0.5 
(0.01 ,0.01 {0.01 ｾＰＮＰＱ＠
Na• 0.03 0.05 0.03 0.03 0.73 1.07 1. 22 1.69 3.2 4.5 6.6 6.5 
0.06 0.06 0.15 0.17 
K+ 0.08 0.04 0.08 0.04 1.30 1. 56 1.88 2.38 6.5 8.5 13.6 14.1 
0.07 0.10 0.18 0.28 0.10 0.20 0.56 . 0.92 
Rb+ 0.08 0.04 0.06 
- 0.83 1.14 1.32 
- 3.4 5.4 7.8 8.7 
0.05 0.09 0.14 
+ 0.08 0.05 0.06 0.73 0.96 1.13 
-
2.1 3.1 4.4 4.8 00 
Cs 
-
0.04 0.06 0.09 
- - - - -
0'\ 
ｎｈｾ＠ 0.03 0.03 ,0.01 0.03 0.36 0.47 0.54 0.78 
0.04 0.06 0.08 0.12 
Mg2+ 0.03 0.02 0.02 ｾＰＮＰＱ＠ ,0.01 ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ,0.01 ｾＰＮＱＰ＠ ,0.10 0.4 0.3 
,0.01 ,0.01 ｾＰＮＰＱ＠ ,0.01 
Ca 2+ 0.04 0.03 0.02 0.02 0.09 0.10 0.13 0.21 0.4 0.6 1.3 1.3 
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ 0.03 0.05 
Sr2+ 0.04 0.03 
- ｾＰＮＰＱ＠ 0.23 0.27 
- 0.35 0.8 1.6 3.5 3.6 
0.03 0.05 
- 0.05 
Ba 2+ 0.05 0.03 0.03 0.02 0.31 0.35 0.50 0.47 1.4 2.3 4.6 4.9 0.04 0.04 0.07 0.08 
ｾ＠
HeOH 
H20 
cation 
Li+ 
Na• 
K+ 
Rb+ 
cs• 
NH: 
Hg2+ 
ca 2• 
sr2• 
ba 2• 
Table 1.13 c conJ.'dJ 
Cl 
,o.u1 
ｾＰＮＰＱ＠
0.09 
,0.01 
2.2b 
ＰＮＰｾ＠
2 o \J I• 
0.05 
l. 37 
0.04 
0.52 
0.03 
ｾｄｂＲＱｃＷ＠
Br 
,u.ol 
ｾＰＮＰＱ＠
<J.l.b 
0.02 
.t.41 
iJ .1 ｾ＠
). jl, 
0.14 
ｾｬｩＮＰＱ＠
"0.01 
U.); 
o. 10 
2.bb 
0.19 
Lbl 
0.18 
l..2ts .l.42 
0. ｉｾ＠ 0.16 
0. b4 1.12 
0. 09 0.14 
ｾｯＮｯＱ＠ ｾｯＮｯＱ＠ ,o.ol 
,o.ol ｾｯＮｯＱ＠ ,o.ol 
,$0.01 
ｾＰＮＰＱ＠
,o.ol ｾｯＮｯＱ＠
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
0.06 0.07 
ｾＰＮＰＱ＠ 0.02 
·a. 76 
0.03 
1. 24 
ｯＮｯｾ＠
1.56 
0.08 
SCN 
,u.Ul 
ｾＰＮＰＱ＠
0.28 
0.13 
3.20 
0.36 
1.07 
0.18 
Cl 
ｾＰＮＰＱ＠
,0,01 
u .1 3 
ＰＮＰｾ＠
0.76 
0.07 
1.32 
0.18 
1.46 
0.20 
0.29 
0.05 
g, ｄＸＲＴｃｾ＠
Br 
..(0.01 
ｾＰＮＰＱ＠
u .19 
O.Ub 
0.80 
0.01:1 
l. ;; 
0.18 
ｾＰＮＰＱ＠
ｾＰＮＰＱ＠
U.1 !J 
u. 06 
l. .so 
O.Ob 
l. 91 
0.22 
1.60 2.11 
0.20 0.74 
0.28 
O.Ob 
0.57 
0.06 
o.oJ ,o.oi ｾｯＮｯＱ＠ ｾｯＮｯＱ＠
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
SCN 
"u.Ol 
ｾＰＮＰＱ＠
v.27 
<-O.UI:I 
Lui 
u .13 
.l.lb 
0.25 
2.42 
0.29 
Cl 
,U.Ol 
ｾＨｊＮｕＱ＠
0.1:10 
,U.Ul 
1.':11 
0.05 
l.n 
0.05 
1. 45 
ｯＮｯｾ＠
ｾ＠ UB2 7C'J 
tsr 1· 
0.0) 
ｾｏＮｵＱ＠
1.0:.! 
ｾｻＩＮＰＱ＠
:LD 
O.Oo 
2.0) 
0.06 
1.82 
0.07 
0.10 
ｾＰＮＰＱ＠
1.1/ 
ｾｻＩＮＰＱ＠
l.b) 
0.15 
2.4'1 
0.16 
:.!.13 
0,014 
0.56 1.80 1.90 1. Ｙｾ＠
0.08 0.08 <0.01 <0.01 
ｾｯＮｯＱ＠ ｾｯＮｯＱ＠ ,o.o1 ｾｯＮｯＱ＠
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
0.08 ,.s0.01 
(0.01 ,o.o1 
,o.o1 
.(0. 01 
0.03 ｾＰＮＰＱ＠
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
(U.Ul 
ｾＰＮＰＱ＠
ｾＰＮＰＱ＠
,o.ol 
ｾＰＮＰＱ＠
ｾＰＮＰＱ＠
0.42 
0.02 
ｾＰＮＰＱ＠ 0.13 
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
0.77 0.16 
0.10 0.02 
0.41 
0.02 
0.07 
0.04 
. 0.3) ,0.01 0.05 
0.09 ｾＰＮＰＱ＠ <0.01 
0.36 
0.14 
0.16 
0.03 
0.2':1 
0.03 
o. )9 
0.07 
ｾｕｴｳＳｬｊｃｉｃ＠
SCN Cl tsr I sc:-. 
U,il ｾｕＮｕｬ＠ U.Uo u.11 
0.07 ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
1.42 ｕＮｾＩ＠ l.IU l./: 
U.l2 ｾＰＮＰＱ＠ ｾｕＮＰｬ＠ ｾｏＮｵｬ＠
l.tib 
0.22 
ＱＮｾＵ＠ .l.2"1. 
0.05 0.09 
.l.o..l 
0.1) 
1. ts3 
0.05 
l. .l o L. bl.o 
0.08 O.lt.. 
ｾｪ＠ .. L , 
:J. u'l 
•. j .' 
;; .1 L 
L. ':1 i 
i.J. Ll 
2.70 1.41 1.70 2.22 L,"J.j 
0,11 ＰＮＰｾ＠ 0.()7 1).Jj 0 ,]( 1 
l.t!O L.OG 2.1U 
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ v.Of 
ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠ ｾＰＮＰＱ＠
ｾＰＮＹＱ＠ ,0.01 ｾｕＮｏｬ＠ (CJ.lJi 
< U. U I ｾ＠ (J. U I ｾ＠ (J. IJ! 
ｾＰＮＰＱ＠ ,sO.OJ ｾｉｊＮｻｊｉ＠
0.0) 0.07 
ｾｕＮｏｬ＠ ｾＰＮＰＱ＠
0.&1 U.f.JL I. )J 
U.UL U.Ot.. ｾＮＰＹ＠
ｾｶＮ＠ \J I 
co 
......... 
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Table 1.14 Selectivity order for cations and anions in 
methanol given in the literature. 119 
BlSCS K+>Rb+>Cs+,Na+>Li+ 
DB18C6 
DB21C7 
DB24C8 
Ba2+>Sr 2+>Zn2+>Cd 2+,Fe 2+>Ca 2+>Mn2+,Co 2+,Ni2+>Mg2+ 
Hg2+ 
- - 3- -SCN >I ,Po4 >N03 ,Br >Cl->F 
K+>Rb+>Na+>Cs+>Li+ 
ｒ｡ Ｒ Ｋ＾ｂ｡ Ｒ Ｋ＾ｅｵ Ｒ Ｋ＾ｚｮ Ｒ ＫＬｳｲ Ｒ Ｋ＾ｃ､ Ｒ Ｋ＾ｃ｡ Ｒ Ｋ＾ｆ･ Ｒ Ｋ＾ｕｏｾＫ＾Ｌ＠
Cu2+,Co2+>Ni2+>Hg2+,Mg 2+ 
Fe3+>Cr 3+>Pr 3+>Ce 3+>La3+ 
ｓｃｎＭ＾ｉＭ＾ｎｏＩ＾ｂｲＭ＾ｃｬＭ＾ｐｏｾＭ＾ｏｈＭ＾ｆＭＬｓｯｺＭ
ｒ｢Ｋ＾ｋＫ＾ｃｳＫ＾ｎｈｾ＾ｎ｡Ｋ＾ｌｩＫ＠
Ba2+>Sr 2+>Ca 2+,Mg2+ 
SCN->I->Br->Cl 
ｃｳＫ＾ｒ｢Ｋ＾ｋＫ＾ｎｈｾ＾ｎ｡Ｋ＾ｌｩＫ＠
Hg 2+>Pb 2+>Ba 2+>Cd 2+>Sr 2+>Fe 2+>Mg 2+,ca 2+,co2+, 
N.2+ M 2+ z 2+ ｾ＠ , n , n 
- - - - - 3- - - 2-SCN >I >Br ,N03>Cl >P04 ,OH >F ,so4 
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ＱｾＹＮＴ＠ _Analytical applications of the polymers. 
The analytical appli-ca.t - fons of these polymers have been 
'), ' 
described by Blasius et al. These include (a) separation of 
cations with the same anion; (b) separation of anions with the 
same cation ; (c) conversion of salts with different cati6ns 
and different anions ; (d) separation of structurally isomeric 
alkylammonium chlorides (e) separation of organic compounds 
(f) water determination (g) organic synthesis with . activated 
anions. ｂｬ｡ｳｩｵｾ ｾ＠ divided the exchangers in three groups 118 
- -
according to their properties. These are (a)JP·Benzo-15-
crown-5 ( ｾ］ＱＮＷＭＲＮＲａ＾Ｌｊｄﾷｄｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ ( ¢ =2.6-3.2A), 
jJ- cryptand [ 2B. 2. 2] ( ¢ =2. 8A) and 9)-Dibenzo-21-crown-7 
<f=3.4-4.3A). ｾ＠ is the notation used to indicate the ring 
diameter. A preferential selectivity for potassium have been 
found for the first three mentioned exchangers whereasJD-Dibenzo-
21-crown-7 .prefers rubidium. (b) ｾＭｄｩ｢･ｮｺｯＭＲＴＭ｣ｲｯｷｮＭＸ＠ Ｈｾ＾ＴａＩ＠
has been used for the separation of caesium and Ｈ｣ｾＭｄｩ｢･ｮｺｯＭ
26-crown'-6 Ｈｾ＠ >4A) and §J- Dibenzo-30-crown-l'Q ( ¢ >4A) both 
of them used for the separation of large organic molecules. 
The separation of very small amounts of lithium, sodium, 
d . ( hl "d )116,117 an potass1urn c or1 es and potassium, rubidium 
and caesium (chlorides) were successfully carried out with 
ｾＭ｣ｲｹｰｴ｡ｮ､＠ [2B.2.2] The separation of the former group 
of cation (thiocyanates) was also carried out with ¢-dibenzo-
- ' 
21-crown- 7. Resins containing dibenzo-18-crown-6 have been 
_y; - -
used for the separation of bivalent cations. Also this exchan-
ger and ｾＭ｢･ｮｺｯＭＱＵＭ｣ｲｯｷｮＭＵ＠ were used to separate transition 
- · ·-. ---------------------------
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metal salts (i.e. iron(II) and iron(Ill); chromium(!!!) and 
iron(III)). In most cases methanol and methanol/water mixtures 
were used as eluent. 
Anions with the same cation were separated according to 
their polarizability. ｾＭ Benzo-15-crown-5 and ffi·Dibenzo-21-
crown-7 were used for the separation of a number of anions. 
The substitution of ammonium thiocyanate and rubidium 
chloride to ammonium chloride and rubidium thiocyanate was 
carried out ｷｩｴｨｾＭ｢･ｮｺｯＭＱＵＭ｣ｲｯｷｮＭＵｾ ＱＶ＠ Substituted ammonium 
salts (i.eo methyl ｳｵ｢ｳｴｩｴｵｴ･､ ｾ＠ ammonium chlorides; ethyl-
ammonium chloride, propyl ammonium chloride) were separated 
with ｾＭ｢･ｮｺｯＭＱＵＭ｣ｲｯｷｮＭＵ＠ and @-Dibenzo-18-crown-6. Other 
separations using resins containing crown ethers as a-nchor 
groups include urea and thiourea; 16 , 117 benzene from water 
and thiophene, diphenyl disulphide and thianthrene; 18 
ｾＭ｡ｭｩｮｯ＠ acids racemates and their enantiomerso The active 
b f 1 . 1 d118 . h su stances o an ana ｧ･ｳｾ｣＠ were a so separate ｷｾｴ＠
ｪＵＭ､ｩ｢･ｮｺｯＭＳｾ｣ｲｯｷｮＭＱＰＮ＠ They were acetyl salicylic acid 
phenacetin and caffeineo These exchangers were also used 
for the determination of the water content of organic solvents 
as well as the water of crystallisation of salts and organic 
compounds. The application of charged exchangers in organic 
syntheses with activated anions was found to promote nucleo-
philic ｳｵ｢ｳｴｩｴｵｴｩｯｮｳｾ ＱＸ＠ Thus, reactions like that of benzyl 
chloride with potassium thiocyanate to form benzyl thiocya-
nate and benzyl isothiocyanate and that of ,p-bromophenyl-
acetate were speeded up by using ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠
--- -- ----------------------------------: 
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previously charged with potassium (cyanide, thiocyanate, 
acetate). 
Cyclic polyethers bound to silica gel or polystyrene as 
well as silica gel and polystyrene covered with cross-linked 
polymeric cyclic polyethers have been used for the fast 
separation of cations and anions by using high pressure liquid 
chromatopraphy. Numerous organic compounds can also be sepa-
rated. 
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1.10 Purpose of the present work. 
119 
Distribution data as reported by Blasius and coworkers 116 , 
for 1:1 electrolytes in the water/jdibenzo-18-crown-6 
system are only referred to a given electrolyte ｣ｯｮ｣･ｮｴｲ｡ｾｩｯｮＬ＠
and to electrolytes containing the potassium ion as the cation. 
Since the distribution ratio for two metal ions containing 
the same anion will determine the separation factor between 
these two ions in a particular system, it is considered of 
significant relevance to study the electrolyte concentration 
effect on the distribution of 1:1 electrolytes in the ｾ､ｩ｢･ｮﾭ
zo-18-crown-6/water system, in an attempt to find the opti-
mum concentration of electrolyte at which the maximum separa-
tion factors could be obtained. 
Considering that the anion plays an important role in 
the enhancement of the distribution of metal ions, equilibrium 
studies with 1:1 electrolytes containing different anions 
will be carried out with the aim of making a quantitative 
evaluation of the anion effect on the distribution of electro-
lytes in this system. 
The solvent effect in the stability of complex formation 
between metal-ion and macrocyclic ligands demonstrated by 
several workers encourages an investigation on the distribu-
tion of salts between resins containing dibenzo-18-crown-6 
and electrolytes in different reaction media. 
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These studies, hopefully, could lead to the formulation 
of an expression for the equilibrium constant of the extrac-
tion process involved. A complementation of these studies 
will be the measurements of .the heats involved ｷｨ･ｮｾ､ｩ｢･ｮｺｯＭ
18-crown-6 interacts with aqueous solution of 1:1 electrolytes. 
Attempts will be made to study . the interaction of this 
resin with organic molecules. 
SECTION 2 
............... 
- 95 -
2. Experimental 
2.1 Preparation of the resin 
Resins containing neutral macrocyclic (crown ethers, 
cryptands) as anchor groups were first synthesised by Blasius 
et a1! 13 The procedure followed by these workers is based on 
(a) condensation with formaldehyde or formaldehyde plus various 
cross-linking agents of the corresponding crown or cryptand; 
(b) polymerization by substitution of finely milled chloro-
methylated polystyrene (4% DVB cross linked) with the corres-
ponding neutral ligand 9 or (c) copolymerization of vinylised 
crowns with divinylbenzol. 
All crown ethers are prepared in a similar way to William-
sons ether synthesis by using catechol and halogen derivatives 
of aliphatic ethers or alkanes as products of the reaction. 
The reaction taking place is described by equation (2.1,1) 
6tH 
ｾｏｈ＠
Catechol 
1,5-dichloro-3-oxa 
pentane Bis 2-(o-hydroxyphenoxy)-
ethyl ether 
6-T hrcY'ifUYcY + ｾｈ＠ ｈｾ＠ ClCH2CH 20CH 2CH2Cl ｾ＠Butanol 
NaOH 
Dibenzo-18-crown-6 
(2.1.1) 
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The resin used in the present work was prepared by conden-
sation of dibenzo-18-crown-6 (DB18C6) and formaldehyde, using 
formic acid as solvent medium, which simultaneously acts as 
catalyst for the reaction (2.1.2) 
,--cr-'o:© 0 + HCHO 
ｾｾＰ＠ formal-
dehyde 
HCOOH 
Dibenzo-18-crown-6 ｾｄｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠
2.2 Condensation of dibenzo-18-crown-6 
Reagents 
Dibenzo-18-crown-6 (DB18C6): Sigma Chemical Company. 
Formic acid (HCOOH): BDH 98% (w/v). 
Formaldehyde (HCHO): BDH 37-40% (w/v). 
(2.1.2) 
Methanol (CH30H): May & Baker Ltd., Laboratory reagent. 
Method 
A mixture of DB18C6 (50g.,0.05M) and formic acid (278ml) 
was warmed up in a 500cm3 flask. A hot mixture of formal-
dehyde (42cm3 , 2M) and formic acid (97cm3 ) was then added 
at once. A dark green gel was formed within 20 minutes. 
The mixture was refluxed for 5 hrs. and then poured in coldwater 
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, to eliminate impurities of the reaction. The soft 
brown resin was then extracted with methanol for 48 hrs., 
dried in a vacuum oven at 100°C for 24 hrs., finally milled 
in a mortar and kept in a desiccator with P2o5 
2.3 Determination of the water content of the resin. 
The water content of the resin was determined by a thermo-
gravimetric method using a Stanton Redcroft TG 750 thermoba-
lance which consists of 
(a) The balance: CI Mark 2C electronic microbalance with a 
sample capacity of lg. 
(b) The furnace: The sample is contained in a pan of 6mm 
diameter and heated by a microofurnace mounted in the body 
of the unito 
(c) The temperature programmer: The heating rate of the instru-
ment (°C/min.) can be varied from 1 to 100°C/min. The instru-
ment works over a temperature range from room temperature to 
1000°C. 
(d) The recorder: Two plots are obtained simultaneously 
which correspond to the ( TG ｣ｵｲｶｾＩ＠ or per cent weight TG 
curve and (DTG curve) or derivative thermogravimetric curve 
which is a plot of weight versus temperature. 
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Method 
All experiments were carried out by setting a temperature 
range between 0°C-400°C with a heating rate of 10°C/mino 
A direct plot of percentage weight change was obtained by 
setting sample weight as 100% of full scale on the chart 
recorder. The percentage of weight loss was read directly 
from the chart. 
2.4 Microanalysis of the ｾｄｂＱＸｃＶＮ＠
Microanalysis on the sample was carried out at the 
University of Surrey. 
2.5 Capacity measurements of ｾｄｂＱＸｃＶ＠ with organic molecules 
and 1:1 electrolytes at 298K in water and non-aqueous 
solvents a 
Reagents 
Thiourea [SC(NH2 >2 ]; urea [OC(NH 2 >2 1; phenol [C6H50H]; 
potassium thiocyanate (KSCN); potassium iodide (KI); potassium 
bromide (KBr); potassium chloride (KCl); sodium thiocyanate 
NaSCN·H20; sodium iodide (Nal); rubidium iodide (Rbl); 
caesium iodide (Csl); potassium perchlorate (KCl04 ): all 
BDH 'Analar' grade except for KClo4 which was of 99% purity. 
All reagents were dried at 105°C for several days. 
Methanol (CH 30H): May & Baker Ltd., purified as described 
in section 2.8. 
Deionised watero 
ｾｄｂＱＸｃＶ＠ prepared as indicated in section 2.2. 
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Method 
The resin was accurately weighed (±O.OOOOlg.) in a plastic 
container. A volume (50cm3 ) of an accurately analyzed solu-
tion of the species to be adsorbed (by the resin) was added. 
The contents were left in a thermostat (25±0.1°C), stirring 
them periodically. After an overnight equilibration period 
an aliquot of the solution (25ml) was taken at 25°C and 
analyzed. A further volume (25ml) of s·olution was added to 
the resin and the container was left in the thermostat for a 
further period of 12 hourso The procedure was followed 
subsequently until no further uptake was observedo Not less 
than two separate experiments were set upo 
2.6 Distribution experiments. 
Reagents 
All reagents as specified in section 2.5 
Method 
For distribution experiments, the general procedure was 
as follows: To weighed samples of resin (±O.OOOOlg.) were 
added known volumes of accurately analysed solutions of the 
species of which the distribution was studied. The mixtures 
were left in a water bath at 25.0±0.1°C until equilibration 
was attained (12 hrs.). Aliquot samples of the equilibrium 
solutions were removed and analysed by procedures indicated 
in section 2.10. Blank experiments were carried out by 
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equilibrating weighed samples of resin with given volumes of 
water but the presence of .the distribuends studied were not 
detected. 
2.7 Volumetric glassware used 
All volumetric glassware used . . was calibrated by using 
the method of Skook and West. 133 
2.8 Purification of solvents 
Methanol 
The method used for the purification of methanol was that 
d b L d d B . 134 suggeste y un an Jerrum. 
Methanol was refluxed for several hours with magnesium 
turnings (5g.) and iodine (0.5g.). The solvent was purified 
by fractional distillation. The first and last fractions 
were discarded. The middle 60% fraction was collected. The 
water content of methanol was determined by gas chromatography 
and found to be less than 0.02%. 
Acetonitrile 
The solvent was dried over activated molecular sieves 
and then fractionally distilled in the presence of P2o5 
0.5-1% (w/v). The distillate was . stored in a dry box and 
used immediately. 
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N,N-Dimethy1formamide 
The solvent was dried over activated molecular sieves and 
then distilled under nitrogen at reduced pressure. The first 
and last fractions were discarded. The middle 60% was collected 
and redistilled under the same conditions. The ､ｩｳｴｩｬｬ｡ｴｾ＠
was stored in a dry box and used within 48 hours. 
Propylene carbonate 
The solvent was dried over activated molecular sieves 
(Linde 4A type) and· then distilled at reduced pressure. The 
first and last fractions were discarded. The middle 60% was 
collected. The distillate was stored in a dry box and used 
within 48 hours. No water was detected by gas liquid chroma-
tography., 
2.9 Preparation and recrystallization of potassium and sodium 
picrates. 
Reagents 
Picric acid [C6H2 (N02 >3co2H]: BDH 
Potassium hydroxide (KOH): BDH "Analar" 
Sodium hydroxide (NaOH): BDH "Analar" 
Ethanol (C 2H50H): M & B 
Method 
Potassium and sodium picrate were prepared by neutrali-
sing a solution of picric acid with the corresponding hydroxide 
solution (5% w/v). The yellow precipitate formed was then 
filtered off through a Buchner funnel by using a water pump. 
The product obtained was twice recrystallized from water 
and dried for several days in a vacuum oven at 60°C. 
- 102 -
2.10 Analytical methods employed for the determination of 
halides, thiocyanates,perchlorates, picrates, thiourea, 
urea and phenol. 
2.10.1 Determination of halides and thiocyanates . 
... ' 
Halides and thiocyanates were determined by the volumetric 
method suggested by Voge1 135 based on the precipitation of the 
halide or thiocyanate by the addition of silver nitrate as 
precipitating agent in the presence of an adsorption indicator 
like dichlorofluorescein in the case of chlorides and thiocya-
nates or eosin in the case of bromides and iodideso 
A. Standardisation of the silver nitrate solution. 
Silver nitrate (AgN03 ) solution : AgN0 3 (Fisons) was 
weighed (±O.Olg) and dissolved with water in a beaker. The 
solution was then transferred to a 500cm3 volumetric flask 
and diluted to the mark with watero The concentration of 
the solution was determined by titration with standard sodium 
chloride solution. 
Sodium chloride (NaCl) solution: NaCl (BDH "Analar" · 
dried at 105°C for several days) was accurately weighed 
(±O.OOOlg) and dissolved with water in a beaker. The solution 
was then quantitatively transferred to a 100cm3 volumetric 
flask and diluted to the mark with water. The concentration 
of the solution was computed from the weight of sodium chloride 
employed. 
Dichlorofluorescein (BDH): O.lg of dichlorofluorescein 
was dissolved in lOOml of 60-70% ethanol in water. 
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Procedure 
A volume of sodium chloride solution (5-lOml) was pipetted 
into a conical flask and diluted with water (20-30ml). Dichlo-
rofluorescein indicator (10 drops) was added. The titration 
was carried out with the silver nitrate solution while swirling 
the flask continuously. The silver halide coagulates as 
the end point is approachede The addition of silver nitrate 
was continued until a pronounced pink colour was assumed by 
the precipitate. 
B. Determination of chlorides and thiocyanates. 
Procedure 
A volume of the solution to be analyzed (5-lOml) was 
diluted to ＵＰＭＱＰＰｾｾ＠ with water in a conical flask. Dichloro-
fluorescein (lQ, drops) was added. The titration was carried 
out with silver nitrate while ｳｷｩｲｬｾｮｧ＠ the flask continuously. 
The silver halide or thiocyanate coagulates as the end point 
is approached. The addition of silver nitrate was continued 
until a pronounced pink colour was assumed by the precipitate. 
C. Determination of bromides and iodides. 
Reagents 
Silver nitrate (AgN0 3 ) solution. 
Eosin : O.lg of eosin dissolved in 100cm3 of 70% alcohol 
in water. 
Acetic acid (6M solution): Glacial acetic acid (34.Scm3 ) 
diluted to 100cm3 with water. 
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Procedure 
A volume of the solution to be analyzed (5-10cm3 ) was 
diluted to 50-100cm3 with water in a 250cm3 conical flask. 
Eosin (10 drops) plus acetic acid solution (2cm3 ) were added. 
The titration was carried out with silver nitrate while 
swirling the flask continuously. The silver halide coagulates 
as the end point is approached. The addition of silver nitrate 
was continued until a pronounced magenta colour was assumed 
by the precipitate. 
2.10.2 Conductimetric measurements for the determination of 
Reagents 
halides, perchlorates and picrates in ｎＬｎＭ､ｩｾ･ｴｨｹｬﾭ
formamide, propylene carbonate and acetonitrile. 
Potassium iodide (KI), potassium bromide (KBr), sodium 
iodide (Nai) and caesium iodide (Csi) standard solutions were 
prepared by dissolving 0.83, 0.59, 0.75 and 1.30g respectively 
in 100cm3of the corresponding solvent. The solutions were 
standardised with silver nitrate (AgN0 3 ) standard solution 
as described in section 2.10.1 
Potassium perchlorate (KCl04 ) standard solution was pre-
pared by dissolving (0.7049g) in 100cm3 of ｎＬｎＭ､ｾｭ･ｴｨｹｬｦＹｲｭ｡ﾭ
mide (DMF) in a volumetric flask. 
Potassium picrate (KPi) standard solution was prepared by 
dissolving 1.1126g in 100cm3 of N,N-dimethylformamide in a 
volumetric flask. 
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Apparatus 
"Chandos" linear conductimeter. 
Calibration curve 
Given volumes of the electrolyte standard solutions were 
diluted to 20cm3 with the corresponding solvent. The specific 
conductance of these solutions were determined. The specific· 
conductance of the solvent was substracted and the resulting 
value was plotted versus concentration. The straight lines 
obtained are shown in Figo 2.1 to 2o8 . together wl.th ·their 
respective slopes dete-rmined by regression analysi·s of the data. 
2.10.3 Spectrophotometric analysis of picrates. 
Potassium picrate (KPi) standard solutions were prepared 
by dissolving the accurately weighed amount of potassium picrate 
(KPi) (±O.OOOlg) with water in a beaker. The solution was 
then quantitatively transferred to 100cm3 volumetric flasks 
and diluted to the mark with water. 
Apparatus 
Pye Unicam SP8100 visible-UV spectrophotometer. 
Calibration curve 
The wavelength of maximum absorption was found to be 
at 350nm. A calibration curve was obtained by measuring the 
absorbances of solutions in a concentration range of lxlO-S 
-4 to lxlo M and plotting the values obtained versus concentra-
t ion. Fig . 2 . 9 shows the straight line obtained. 
The extinction coefficient (E) as calculated by a 
regression analysis of the data was 14,473cm-lM-! 
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Fig. 2.5: Calibration curve obtained for ｴｨｾ＠ conductimetric 
determination of KPi in DMF at 298Ko 
Y = mx + b 
m = -2 -1 -1 3 5.17x10 fl mol. dm 
-5 -1 b = 1. 95x10 _n_ 
2 
r = 0.999 
0.01 Oo02 
-3 C (mol.dm ) 
Oo03 0.04 
1-' 
1-' 
0 
r-t 
I 2 
< 
-
("t'l 
0 
rl 
ｾ＠
<l) 
t) 
s:: 
Cl3 
..u 
t) 
==' 1 "0 
s:: 
0 
(.) 
Fig. 2.6: Calibration curve obtained for ｴｨｾ＠ conductimetric 
determination of Csi in DMF at 298Ko 
y = mx + b 
-2 -1 -1 3 m = 6.54x10 Jt mol dm 
-5 -1 b = 4. 05x10 JL 
2 
r = 0.999 
. 0.01 0.02 
-3 C (mol .dm ) 
0.03 0.04 
I-' 
I-' 
I-' 
........ 
r--i 
I ｾ＠ 2 
-
('t') 
0 
r--i 
X 
Q) 
(.) 
c 
CG 
+J 
(.) 
ｾ＠ 1 
c 
0 
u 
Fig. 2.7: Calibration curve obtained for the conductimetric 
' determination of KI in PC at 298K. 
y = mx + b 
-2 -1 -1 3 m = 2.72xl0 JL mol dm 
b = ＵＮＸＴｸｬＰＭ Ｖ ｾＭ Ｑ＠
2 
r = 0.999 
0.01 0.02 0.03 
-3 C (mol .dm ) 
0.04 
f-..J 
f-..J 
N 
10 t · 
9j 
8t ｾ＠
y-f 
ｾ＠ 7 
---r 
ｾ＠ 6 
0 
M 
-:< 5 
Q) 
u 
c 4 ctS 
+J 
u 
::s 
'"0 3 
c 
0 
u 
"-
1 
Fig. 2.8: Calibration curve obtained for the conductimetric 
determination of KI in AN at 298K. 
Y = mx + b 
m = 0.1764A-1mol-ldm3 
b = -5.24xl0- ?..n...-1 / ｾ＠
r2lY 1 
1 2 3 4 5 6 7 8 
3 -3 CxlO (molodm ) 
I-' 
I-' 
w 
- 114 -
Fig. 2.9: Calibration curve obtained for 
spectrophotometric determination of picrates 
at 350nm. 
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2.10.4 Spectrophotometric determination of thiourea. 
Thiourea was analysed according to the method given in 
AOAC methods136 by using a Pye Unicam SP8100 visible-uv 
spectrophotometer. 
Reagents 
Thiourea [CS(NH2 >2 1 was dried at 105°C for several days 
Thiourea [CS(NH2 >2 1 standard solution in water (O.Smgocm-
3 ) 
Diluted modified Grote reagent: modified Grote reagent/water; 
1:2 
Diluted phosphoric acid (H3Po4 ): (0.3±0.l)M. 
Modified Grote reagent: Sodium nitroprusside (Na 2Fe(CN) 5N0•2H20] 
(O.Sg) was dissolved in 10cm3 of water. Hydroxylamine chloro-
hydrate (NH20H•HC1) (O.Sg) and sodium bicarbonate (NaHC0 3 ) 
(O.lg) were uniformly mixed in a mortar and the mixture was 
quantitatively transferred to the nitroprusside solution. The 
flask was kept without swirling until complete evolution of 
carbon dioxide (C02 ). Then bromine (Br 2 ) (0.lcm
3 ) was addedo 
The mixture was transferred to a 25cm3 volumetric flask and 
diluted with water. Then,the solution was filtered and 
stored in the fridge for no longer than a period of a month. 
Standard curve 
A blank solution was prepared by diluting 1.2cm3 of 
phosphoric acid (0.3M) solution to 100crn3 with water. Thiourea 
standard solution (6cm3 ) and phosphoric acid (0.3M)(l.2cm3 ) 
were diluted to 100cm3 with water. Given volumes of this solu-
tion were pipetted into test tubes and diluted to Scm3 with 
the blank solution. Then 0.5cm3 of diluted modified Grote 
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reagent was added. The tubes were shaken and let to stand for 
1 hr. until a blue colour was developed. Absorbances were 
determined at 610nm. A calibration curve was obtained by 
plotting the measured absorbances versus the concentration of 
thiourea in the aqueous solution. An extinction ｣ｯ･ｦｦｩ｣ｩ･ｾｴ＠ of 
6.37cm- 1mg-l 1 1 t d b · 1 · f was ca cu a e y a ｲ･ｧｲ･ｳｳｾｯｮ＠ ana ｹｳｾｳ＠ o 
the data (Fig. 2.10). 
2.10.5 Determination of urea. 
A . . h d137 ｧｲ｡ｶｾｭ･ｴｲｾ｣＠ met o was used for the analytical 
determination of urea in water. The method is based on the 
reaction between urea and xanthhydrol in a medium of acetic 
acid or methanol. A precipitate of ､ｩＭｾ｡ｮｴｨｨｹ､ｲｹｬ＠ urea is 
produced 
Urea 
Reagents 
Xanthhydrol 
(2.10.1) 
di-xanthhydryl urea 
Xanthhydrol solution in methanol (10% w/v): BDH 
Glacial acetic acid (CH3COOH): BDH 
Methanol (CH 30H): M & B laboratory reagent 
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Fig. 2.10: Calibration curve for the spectrophotometric determination 
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Procedure 
To an aqueous solution of urea (lcm3 ) placed in a conical 
flask, water (13cm3 ), glacial acetic acid (45cm3 ) and the 
xanthhydrol solution (7cm3 ) were added. The mixture was left 
to stand over an hour, then filtered through a previously 
weighed sintered-glass crucible (porosity G3), washed with 
methanol and dried at 105°C until constant weight. 
The weight of the urea was determined by the expression 
where Wu and W p 
W x0.1425 p (2.10.2) 
are the notation used to indicate the weight 
of urea and precipitate of dixanthhydryl urea,respectively 
and 0.1425 is the molecular weight urea/dixanthhydryl urea 
ratioo 
2.10.6 Spectrophotometric determination of phenol in water 
Phenol was determined spectrophotometrically by using a 
Pye Unicam SP8100 visible-uv spectrophotometer. 
The wavelength of maximum absorption was found to be 
at 269nm. 
Reagents 
Phenol was dried in a drying pistol under vacuum in the 
presence of phosphorus pentoxide (P 2o5 > during several days. 
Phenol (C6H50H) stock standard solution (0.01% w/v). 
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Fig. 2.11: Calibration curve for the spectrophotometric determination 
of phenol at 269nm. 
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Table 2.1 Physical properties of water, (H20); methanol, (MeOH); N,N-dimethyl-
formamide, (DMF); propylene carbonate, (PC) and acetonitrile, (AN) 
0 
at 25 C. 
0 0 D. 1 Debye-Huckel Solvent 
Molecular 
weight F.P./ C B.P./ C 
Density 
-3 g.cm 
Dielectric 
a 
constant 
1.po e V. . c b 1.scos1.ty constants 
moment ( e q n. 3. 3 . 10) 
A B 
H20 18.02 0.0 100.0 0.9971 78.30 1.85 0.8903 0.5115 0.3291 
MeOH 32.04 -97.8 64.6 0.7866 32.70 1.70 0.5445 1.8950 0.5093 
DMF 73.10 
-61 153 0.9443 36.71 3.86 0.796 1. 5930 0.4807 
PC 102.09 -48.8 242 1.198 64.4 4.98 2.530 0.6858 0.3629 
AN 41.05 -44.9 81.6 0.7768 35.95 3 .. 92 0.3409 1.6440 0.4857 
a relative permittivity <[y-·). 
b -18 -3 Debye units (10=10 e.s.u.cm::3.33564xl0 Cm). 
c -3 -2 centi-poise (1cP=l0 Nm s). 
f-' 
N 
0 
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Calibration curve 
A calibration curve was obtained by measuring the absor-
bances of aqueous solutions of phenol in the concentration 
-4 -4 d range of lxlO - 7.5xl0 M. Absorbances were plotte versus 
concentration (Fig. 2.11 ). The molar extinction coefficlent 
as evaluated from a regression analysis of the data was 
-1 -1 1,482cm M . 
2.i2 Calorimetry 
2.12.1 The calorimeter 
A calorimeter is an instrument used to measure the amount 
of heat evolved or absorbed in a process. The calorimeter 
used in this work is the Tronac ＵＵＰｾ＠ which is a commercial 
version of the solution calorimeter originally designed by 
Christensen and ｉｺ｡ｴｴｾ ＳＸ＠ The model 550 isothermal-isoperibol 
calorimeter can be used as: (a) a thermometric titrator for 
analytical application (b) a conventional solution calorimeter 
for enthalpy change ＨｾｈＩ＠ measurements on any liquid-liquid 
or solid-liquid system and (c) an incremental or continuous 
titration calorimeter for enthalpy measurements of proton 
ionization, metal ligand interaction and equilibrium constant 
determinations. In this work the Tronac 550 was used as an 
isoperibol calorimeter in which the temperature of the contents 
in the reaction vessel is measured at a constant temperature 
environment. 
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The instrument can be divided into two main parts, the 
calorimeter assembly and the electronic assembly. The calori-
meter assembly consists of a constant temperature bath with a 
water capacity of 55 litres, motor driven stirrer, cooled-
heated assembly and a precision temperature controller (PTC-40) 
provides an environment of constant temperature for the titrant 
and reaction vessel (±0.002°C). The insert assembly (Fig. 2.12) 
holds the stirrer, motorized buret, titrant lines, reaction 
vessel and the electrical junction box. The reaction vessel 
is a rapid response glass vacuum Dewar (50cm3 ) that contains 
the stirrer, thermQstor and heater (Fig. 2.13)6 The stirrer 
is a stainless steel blade assembly that holds the ampoule in 
such a way that it does not touch the walls of the reaction 
vessel (Fig. 2ol4). When the ampoule breaker is triggered 
the ampoule is crushed between the plunger and the stirring 
blade assemblyo Glass ampoules of lcm3 volume were used 
and sealed using a model 4000 microflame torcho 
The ｣｡ｬｯｲｩｭ･ｾ･ｲ＠ header shaft comprises the stirring 
blade assembly together with the thermistor and the heater. 
The burette has a 2.5cm3 capacity syringe ±0.1% accuracy, made 
of glass and teflon with attached micrometer. The calorimeter 
is also equipped with an optional batch syringe attachment; 
the model 822A with variable external set input 0-999 steps/s. 
A glass stirrer connected to stirring motor (400 rpm) was used 
when titratiorr runs were performed. 
The electronic assembly consists of a Wheatstone bridge, 
heater circuit and power supply. There are eleven heating 
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Fig. 2.12 Main parts of the calorirnetere 
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Fig. 2.13 Reaction vessel and its contents. 
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Fig. 2.14 Ampoule breaker. 
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rates available for selection (0.1-200 mcal.s- 1 ) using the 
power select switch. The bridge voltage is adjustable from 
1.5-lSV and is monitored on the digital voltmeter (DVM). As 
the bridge voltage increases, the thermistor sensitivity 
increases. A voltage of 5.0-7.0V recommended for optimum 
results, was used. The heating power. of the reaction was 
measured directly by monitoring the voltages across the 
standard resistor (heating current) and calibration resistance 
heater,respectively (heater voltage) during an electrical 
calibration run. Resistance of standard resistor at 25°C is 
100.02±0.01 
A strip chart recorder with suitable span is connected 
across the recorder terminals. The latter provides the ｯｾｴｰｵｴ＠
voltage from the Wheatstone bridge which indicates the change 
in temperature from the set point for the reaction vessel 
contents. The heating interval is accurately measured by 
Wheatstone timer connected to the electronic assembly. 
2.12.2 Use of the Tronac 550 as a conventional solution 
calorimeter. 
The basic set-up procedure is outlined in the instruction 
ｭ｡ｮｵ｡ｬｾ ＳＹ＠ The reaction vessel is filled with an accurately 
measured volume of solvent (50cm3 ). Ampoule containing a 
known amount of sample is sealed and placed in the stirrer. 
The system is then placed in the thermostated bath and the 
stirrer is switched on. After fifteen minutes of equilibration 
period, heat is added to the system until its temperature is 
near 250C. The calorimeter is then left to run over a period 
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of time so as to enable the determination of the initial tempe-
rature versus time slope (Figo 1.15 region a). The heater is 
turned on with an appropriate heater power setting in the 
heater power switch. After the heating period (Fig. 1.15 
region b) the calorimeter is allowed to run for a period of 
time so as to enable the determination of the final tempera-
ture versus time slope (Figo 1.15 region c). During the time 0 
the heating period (i.eo the run period), the heater voltage 
and the heater current are monitored using the digital voltme-
tero ·The resistance-time plot (Figo 1.15) was analysed by 
the graphical method due to Dickinson. 14° 
The heat capacity of the calorimeter system can be deter-
mined from the temperature change ( ｾｔ｣Ｉ＠ measured as distance 
in millimeters (de) on the trace» and the amount of heat 
added to the system (Qc) using the relation 
E ( 2 .12 .1) 
Qc' the heat of calibration is calculated using the equation 
( 2 .12. 2) 
where t is the time in seconds during which the current is 
passed, and r 2R is the power dissipated in the heater as 
given by equation 
p = ( 2 .12. 3) 
ｾ＠
ｾ＠
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Fig. 2.15: Typical thermogram for an exothermic 
reaction 
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-1 
where P is the power in Js , v1 and v2 are the voltage read-
ing taken in the heater current position and heater voltage 
position respectively 9 and R (ohms) is the resistance of the 
standard resistor at 25°C. 
For a reaction run, the heat of reaction QR is calculated 
by 
(2.12.4) 
where Qc is the calibration heat giving a calibration distance 
de and dR is the reaction distance as measured from the 
trace in millimeters. The enthalpy change of reaction,LlHR' 
is then calculated from 
(2.12.5) 
where n is the number of moles of compound usedo 
2.12.3 Titration calorimetry 
Titration calorimetry is a technique developed and applied 
extensively by Christensen and Izatt for the measurement of 
thermodynamic parameters ｾｇＬｾｈ＠ ｡ｮ､ｾ＠ for metal-ion and 
ligand complexation. Detailed descriptions of the method, 
technique and analysis of experimental data are available in 
th l .t t 138,141,142 Th h . . l h e ｾ＠ era ure. e tee ｮｾｱｵ･＠ ｾｮｶｯ＠ ves t e 
titration of one reactant into another and the temperature 
of the system is measured as a function of titrant added. 
The titrant may be added in two ways; incrementally or 
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continuously. In the first way the temperature is usually 
readjusted to the initial temperature before each additional 
increment of titrant is added. In continuous titration, 
the titrant is introduced at a constant rate during a run and 
is applied only to systems where spontaneous reactions occur. 
The former way is generally applied to systems where reactions 
occur slowly. 
The experimental data obtained by using a titration 
calorimetry technique are in the form of a thermogram, which 
is simply the strip chart recording the changes of temperature 
(measured as change in the bridge voltage) with time during 
a calorimetric run. Figo 1.15 shows a typical thermogram for 
an exothermic reaction. Regions a'' and c'' refers to the lead 
and trail period which are a measure of the non-chemical 
effects due to stirring, power dissipated in the thermistor 
and heat losses to the surroundings in that period. Region b 1 
occurs when the titrant is added and is a measure of the 
resulting temperature rise due to non-chemical heat ･ｦｦ･｣ｴｳｾ＠
dilution of titrant and titrate, and from chemical interactions 
as the reaction species are mixed. 
2.12.4 Electrical calibration for determination of the heat 
capacity of the reaction vessel and its contents. 
In order to calculate the heat of reaction (QR), the heat 
capacity of the reaction vessel and its contents must be known. 
In titration calorimetry,the total heat capacity of the sys-
tem during an experimental run varies linearly with the volume 
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of titrant added. Thus, the energy equivalent or heat capacity 
must be determined for each system before and after each 
addition of titrant by means of an electrical calibrationo 
In order to do so, heat is added to the systemover a measured 
period of time. The average of the initial and final heat 
capacity will represent the total heat capacity of the reaction 
vessel and its contents. 
2.12.5 Calibration of the burette delivery rate. 
In order to determine the volume of titrant added during 
the reaction, the burette delivery rate (BDR) must be 
determined. The burette was calibrated as indicated in the 
142 Tronac Laboratory Manual · for titration ｣｡ｬｯｲｩｭ･ｴｲｹｾ＠
using distilled water. The burette was filled with distilled 
water9 making sure that no air bubbles were trapped in the 
syringe or titrant lines. Water was then delivered over 
measured periods of time into the reaction vessel and 
weighed. The burette delivery rate (BDR) could then be 
calculated from 
BDR (2.12.6) 
where w is the weight of water in g , p is the density of 
water at the temperature of calibration ( r =0.9970g.cm- 3 at 
25°C) and 9 is the time in seconds during which water was 
delivered. The burette delivery rate (BDR) as obtained from 
several calibrations was ＨＶＮＵＹﾱＰＮＰＲＩｸｬＰＭ Ｓ ｣ｭ Ｓ ｳＭｾ＠
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2.12.6 Calibration with a chemical standard 
In order to test the instrument, a number of chemical 
reactions with well known heats are used. Among them: 
(a) the neutralization of sodium hydroxide by hydrochloric acid 
proposed by Pitzer.143 
(b) the reaction between tris(hydroxymethyl)amino methane 
(TRAM) . h h d h 1 . . d d b I . d W d . . 14.4 ｷｾｴ＠ y roc ｯｲｾ｣＠ ｡｣ｾ＠ propose y ｲｶｾｮｧ＠ an a ｳｯｾ＠
and 
(c) measurements of the heats of solution of potassium 
chloride .1 45 
Reactions a and c were carried out in the present work. 
2.12o6a Heat of neutralization of sodium hydroxide with 
hydrochloric acid at 298K. 
The method used is that described by Christensen and 
coworkers·J 42 
Reagents 
Hydrochloric acid (HCl): BDH 
Sodium hydroxide (NaOH): BDH "Analar" 
Potassium hydrogen phthalate (KHC8H4o4 ): BDH "Analar" 
dried at 105°C for several days. 
Procedure 
An approximately 0.4M hydrochloric acid solution was 
prepared and standardized with a O.lM sodium hydroxide solution 
by using a Radiometer automatic titration assembly RTS 822. 
The O.lM sodium hydroxide solution was standardized with 
potassium hydrogen phthalate. 
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The gross heat value (Q) for the reaction 
(2.12 .. 7) 
was determined by adding different volumes of the standardized 
hydrochloric acid solution (0.5-2 .. 0cm3 ) to a given volume 
(50cm3 ) of a O.OlM sodium hydroxide solution contained in the 
reaction vessel .. 
The gross heat of reaction was corrected for the heat of 
dilution of hydrochloric acid and sodium hydroxide. These 
heats were determined by adding different volumes of hydrochlo -
ric acid and sodium hydroxide (0.5-2cm3 ) into the reaction 
vessel containing 50cm3 of water. The value obtained was 
negligible. The enthalpy change of the reaction was evaluated 
from the expression 
n 
where 6H (cal .. mol-l) is the enthalpy change due to the neutrali-
zation of sodium hydroxide by hydrochloric acid. Q· (cal) is 
n 
the heat of neutralization and n (mol) is the number of moles 
neutralized. 
2.12.6b Heat of solution of potassium chloride at 298K. 
Reagents 
Potassium chloride (KCl): BDH "Analar" dried at 105°C 
for several days. 
Deionised water. 
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Procedure 
Different amounts of potassium chloride (±O.OOOOlg) were 
weighed in several glass ampoules. The sealed ampoules were 
broken into the reaction vessel containing 50cm3 of water. 
The enthalpy change of reaction was evaluated from the expression 
6,Hobs 
soln 
obs 
Qsoln 
n 
(2.12.9) 
where ｾｈｯ｢ｳｬ＠ (cal.mol-l) is the observed enthalpy change of 
so n 
reaction; ｑｾｾｾｮ＠ (cal) is the observed ｨ･ｾｴ＠ of solution and 
n (mol.) is the number of moles dissolvedo 
The standard enthalpy of solution was obtained from a 
plot of l1Hobs versus {Co 
soln 
The raw weighing data of potassium chloride were corrected 
taking into consideration buoyancy by the expression 
t /KCl fw 1 
where 
w 
w 
(2.12.10) 
the notations used to indicate the corrected weight of sample, 
weights, density of air, density of potassium chloride and 
density of the weights,respectively. 
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2.12.7 Calorimetric determinations of heat of extraction of 
thiourea, phenol and electrolytes by resins contain-
DB18C6 at 298 K. 
2.12.7a By using ampoules 
The general procedure was as follows: Ampoules contain-
ing the accurately weighed resin (±O.OOOOlg) were sealed and 
placed in the stirring blade of the calorimetero The system 
was immersed in the water bath and left to equilibrate for 
about fifteen minuteso After the electrical calibration run, 
the ampoule was broken into the vessel that contained a known 
volume (50cm3 ) of the solution of the species to be extracted 
of a known concentrationo Once the run was completed, a 
sample was taken for analysis as described in section 2ol0 
The gross heat of reaction QR obtained involves 
(2.12.11) 
where QN (cal) is the heat due to the reaction studied 
Qdil (cal) is the heat due to dilution of the solution 
contained in the reaction vessel 
Qa.b (cal) is the heat due to ampoule breaking 
Qi (cal) is the heat due to the immersion of the resin 
in a given solvent 
All heat effects due to non-chemical and chemical effects 
others than that of the reaction of interest were substracted 
from the gross heat of reaction (QR). 
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The enthalpy change of reaction ＨｾｈＩ＠ was evaluated by 
a least square analysis of the equation 
(2.12.12) 
where QN,P (cal) is the net heat of reaction, given by the 
extraction of a ｣･ｙｴ｡ｩｾ＠ specie : at a concentration P. 
nH (cal.mol-l) is the enthalpy change for the reaction of 
extractiono 
np (mol) is the number of moles taken up by a gram of dry 
resin at a given concentration P ( ｃｾｄｂｬｂ｣ Ｖ ＾＠
2.12o7b By titration calorimetry 
The general procedure was as follows: The burette was 
filled with a known concentration solution of the species 
to be extractedo The reaction vessel containing an accurately 
weighed amount of resin (±O.OOOOlg) immersed in a volume of 
water (50cm3 ) was placed in the calorimeter. The system was 
immersed in the water bath and left to equilibrate for about 
fifteen minutes. After the electrical calibration was run., 
the solution in the burette was added to the reaction vessel 
over a measured period of time and then, the second electrical 
calibration was done. Aliquots of the equilibrium solutions 
were analysed as indicated in section 2.10 
The gross heat of reaction (QR) obtained involves 
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where QN (cal) is the net heat of the reaction studied 
and Qdil (cal) is the heat due to the addition of the solu-
tion in the burette to pure water. 
The enthalpy change of reaction ( 6H) was evaluated 
from the equation 
C:!aH = (2.12.14) 
n 
where n is the number of moles of the species extracted by 
a gram of dry resin (C,ffiDBl8C6) • 
The volume (V) of solution added was calculated by 
V = BDR x t (2.12ol5) 
where BDR (cm3s-l) is the burette delivery rate. 
t (s) is the time over which the addition was done. 
2.12.8 Corrections 
2.12.8a Heat of dilution 
Heats of dilution of electrolytes and thiourea in water 
were evaluated from literature values. 146 
Heats of dilution of phenol in water are not available 
in the literature, therefore they were determined by titration 
calorimetry. Different volumes of a concentrated phenol ｾ･ｬｵﾭ
tion in water were added into the reaction vessel containing 
a known volume of water (50cm3 ). 
-- ------------------------------
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2.12.8b Heat of immersion of the resin 
Heats of immersion of the resin in water and non-aqueous 
solvents were measured by breaking ampoules containing accu-
rately weighed amounts of resin (±O.OOOOlg) into the reaction 
vessel containing a known volume of solvent (50cm3 ). 
2.12.8c Heat of ampoule breaking 
Heat of ampoule breaking was determined by breaking a 
number of sealed empty ampoules into the reaction vessel 
containing the solvent. 
Results are expressed in terms of the defined calorie; 
1 cal. = 4.1840J. 
. SECTION 3 
••••&•• a•• 
•••••••••• 
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3. Results and Discussion. 
3.1 Characterization of resins containing dibenzo-18-crown-6 
as anchor groups. 
Resins containing dibenzo-18-crown-6 as anchor groups· 
are not commercially available. Consequently, these resins 
were prepared in the laboratory according to the procedure 
suggested by Blasius and coworkers (section 2.1) All resins 
used in this work were left in a desiccator containing phos-
phorus pentoxide for a period of at least two weeks before 
use in order to ensure that the water content of the samples 
used to carry out the experimental work were always about the 
same. This was done to ensure reproducibility in the results 
mainly in those obtained in the calorimeter. 
A sample of every new batch of resin prepared was 
sent for microanalysis in order to determine· the carbon 
and hydrogen contentso The thermogravimetric method was 
used to determine the amount of water in the resino The sample 
was heated up to 400°C at a heating rate of l0°C min- 1 • It 
was found that at 290°C the resin decomposes. This value 
agrees very well with that reported by Blasius and coworkers 119 
using a heating rate of 2.5°C min: 1 Careful analysis of 
the thermogram showed that at 50°C the resin loses all its 
water (no greater than 1.8% when dried). Samples which were 
kept in the atmosphere or were equilibrated with water in a 
desiccator needed about 130°C to lose all their watero 
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This suggests that the water content found in samples kept 
under phosphorus pentoxide is only superficial and it could 
probably be absorbed while weighing the sample. Comparison 
between microanalysis data on the samples of dry resin 
(Table 3.1) and those reported by Blasius 119 based on the 
structure given in Fig. 1.16 (3) shows good agreement between 
these two sets of datao 
In an ion exchange process the capacity is the most 
important property of an ion exchanger, since it permits a 
quantitative determination of the number of counter ions 
taken up by an exchangero There are different ways of defining 
the capacity of a resin. It is important to distinguish 
between the total capacity and the effective capacity. The 
total capacity of an exchanger is obtained from the total 
quantity of counter ions capable of exchange. The effective 
capacity is that which can be fully utilized in an ion 
exchange column under the selected conditionso The capacity 
of an ion exchanger (cation or anion) can be expressed as 
(a) The dry capacity <cd) which is simply the reciprocal 
of its equivalent weight given in units of milliequivalents 
per gram of dry H+ (cation exchangers) or Cl- (anion exchang-
ers). 
(b) The swollen capacity (Cs)J which is referred to the resin 
in its swollen state expressed in units of milliequivalents 
per gram of swollen resin. This refers to a resin which 
has been immersed in a solvent. 
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(c) The volume swollen capacity (Cvs meq.cm- 3 ) or its 
reciprocal the equivalent swollen volume of the resin 
- 3 -1 -(Vs/ dm .equivo ). By using the dry capacity (Cd) , the 
density of the swollen resin ＨｾｳＩ＠ and the water content of 
the swollen resin (W ) the equivalent swollen volume (V ) 
s s 
can be determined. 
10 0 
100-w 
s 
(3.lo1) 
The volume swollen capacity (C ) data gives the concen-
vs 
tration of ions in the exchanger phase. 
Resins containing ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｾＭＶ＠ are bound to have 
very little swelling due to their structure. The swelling 
in a commercially available ion exchanger depends on its 
degree of cross·linking, whereas the resins used in this work 
have very little ｣ｲｯｳｳｾｬｩｮｫｩｮｧ＠ if any. If during the poly-
merization ｲ･｡｣ｴｩｯｮｾ＠ methylo1 derivatives are formed as 
intermediates as occurs in the polymerization of urea or 
phenol with formaldehyde (mono, di, tri and tetramethylol 
derivatives), some crossJinking may occur due to the presence 
of tri and tetramethylol derivatives. The value for the 
capacity of ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ obtained from microanalysis 
(2.59mmol.g-l dry resin) (Table 3.1), which is in excellent 
agreement with that reported by Blasius 119 , does not seem 
to indicate any degree of cross-linking in the resin. Thus 
the tri and tetramethylol derivatives, which could probably 
be formed in the process of polymerization must be present 
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in a much ｬ･ｳｾ･ｲ＠ amount than the mono and dimethylol interme-
diates, and hence can not be detected by microanalysis. 
In this work, the total dry capacity is referred to as the 
number of millimoles of crown ether units available for 
extraction per gram of dry - -1 resin (CT = 2.59mmol.g ). The 
effective capacity (CE) is referred to as the maximum 
number of millimoles of electrolyte or organic molecule which 
can be taken up per gram of dry resin at specified ｣ｯｮ､ｩｴｩｯｮｳｾ＠
The capacity value as obtained from microanalysis was 
further checked by carrying out saturation experiments using 
methanolic solutions of potassium thiocyanate. A value 
- -3 -1 CE=(2.57±0.0l)xl0 mol.g was obtained (Table 3.2). 
Effective capacities (CE) of jdibenzo-18-crown-6 were 
determined for a number of 1:1 electrolytes in water and 
N,N-dimethylformamide at 298K as described in the experimental 
section. Results are shown in Table 3.3. Taking into account 
the number of crown ether units in the polymer framework 
as given by microanalysis data, it is quite clear from the 
results that for all 1:1 electrolytes, the value of 2.59xl0- 3 
is not obtained when water or N,N-dimethylformamide are used 
as the solvent. Further corroboration of the capacity values 
obtained for the 1:1 electrolytes in both solvents is given 
in figures 3.1 to 3.4 which show the extraction isotherms (plots 
of moles of electrolytes uptaken per gram of dry resin, 
ｃｾｄｂｬｂｃ Ｖ＠ , versus equilibrium molar solution concentration, 
C , at 298K for each electrolyte. 
e 
The experimental results 
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Table 3.1 Microanalysis results of ｾｄｂＱＸｃＶ＠
Calculated Found Corrected 
% c 68.39 66.85 68.39 
% H 6 .. 73 6.21 5.95 
% 0 24.87 26.94 24.90 
a This is the value obtained after correction for the 
amount of water (2.3%) in the resin. 
Table 3.2 Capacity -1 (mol .. g ) of g, DB18C6 for methanolic 
solutions containing KSCN at 298K, 
Weight of c. a c b 
CjDB18C6 c ｾ＠ -3 e -3 resin (g) mol. dm mol.dm 
0.1992 21.90x10 -2 20.88xl0 -2 2.56xl0 -3 
0.2091 22 .. 89xl0 -2 21.8lx10 -2 2.58xl0 -3 
0 .. 2112 24.5lxl0- 2 23.43xl0 -2 2.55xl0 -3 
0 .. 2221 27 .. 10xl0-2 25 .. 97xl0 -2 2.57x10 -3 
a 
a Ci is the notation used to indicate the initial molar 
concentration of electrolyte solution as determined by 
analysis. 
b Ce is the notation used to indicate the equilibrium molar 
concentration of electrolyte solution as determined by 
analysis. 
c ｃｾｄｂｬｓｃ Ｖ＠ is the notation used to indicate the amount of 
electrolyte in the resin phase in mol.g-l as 
calculated from eqn. 3.3.4. 
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Table 3.3 Effective capacities of ｾｄｂＱＸｃＶ＠ with alkali-metal 
salts in water and N,N-dimethylformamide at 298K. 
Solvent H20 DMF 
Electrolyte capacity capacity 
mol.g -1 -1 mpJ.g 
KSCN 1.47xl0 -3 
KI 1.40xl0 -3 1.20xl0-3 
KBr 1 .. 13xl0 -3 1.33xl0-3 
KCl 9 .. 50xl0 -4 
KPi 1.15xl0 -3 7.40xl0 -4 
KCl04 1.08xl0 
-3 
NaSCN 1 .. 29xl0 -3 
Nal l .. lSxlO -3 8.63xl0 -4 
NaPi 1.08xl0- 3 
Rbi 1 .. 18xl0 -3 
Csi 9.50xl0 -4 8.09xl0 -4 
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Fig. 3.1 Extraction isotherms for alkali-metal salts 
from water to ｾ＠ DB18C6 at 298Ko 
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Fig. 3.2 Extraction isotherms for KPi and NaPi from 
water to ｾｄｂＱＸｃＶＮ｡ｴ＠ 298K. 
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Fig. 3.3 Extraction isotherms for alkali-metal iodides 
from water to ｾｄｂＱＸｃＶ＠ at 298Ko 
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Fig. 3.4 Extraction isotherms for 1:1 electrolytes from 
16 N,N-dimethylformamide to 9DB18C6 at 298K. 
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obtained for the effective capacities for 1:1 electrolytes 
in water and N,N-dimethylformamide suggested that the maximum 
amount of electrolyte taken up per gram offfidibenzo-18-crown-6 
is strongly dependent on the reaction media. The values 
obtained for the number of moles uptaken per gram of dry 
resin at the maximum solution concentration used when carrying 
-3 -3 
out equilibrium experiments (1.64xl0 , 1.80xl0 and 
1.98xl0- 3 mol.g-l dry resin in methanol, propylene carbonate 
and acetonitrile, respectively) indicate that the effective 
capacities are higher in these solvents. However, no attempt 
was made to determine the capacity for potassium iodide in 
methanol, propylene carbonate and acetonitrile. Among the 
dipolar aprotic solvents, propylene carbonate and acetonitrile 
are much poorer solvators for the cations than N,N-dimethyl-
formamide as judged from the single-ion thermodynamic para-
meters of transfer of alkali-metal cations based on the 
tetraphenyl-arsonium/ tetraphenylborate Ｈｐｨ Ｔ ａｳｾｨ Ｔ ｂＩ＠ convention. 
The results confirm that there is a competition between the 
reaction. media and the crown ether for the cations, which is 
reflected in the higher capacity values observed for potassium 
iodide in acetonitrile and propylene carbonate with respect to 
corresponding values in N,N-dimethylformamide. 
Because resins containing dibenzo-18-crown-6 are widely 
used in chromatography as ion exchangers it is important to 
compare their capacity with those of the more common 
commercially available exchangers (Table 3.4). It is seen 
that the capacity values of the resin used in this work is 
Table 3.4 Literature values for capacities (CT) of some common ion-exchangers. 
a Active Maximum CT Designation Character operating 
-1 group temp D °C meq.g 
Resins with acrylic matrix 
IRC-50/75 CE,weak acid 
-COO-· 120 2.80 
IRC-84 
" " 120 2.94 
IRA-68 AE,water base 
-N (R) · 80 1.51 
XE-258 AE,strong base ± 2 40(0H-),75(C1-) 1.25b -N(CH3 )3 
I 
......... Polystyrene resins with Vl 
gel structure ......... 
XE-100/IR-118 CE,strong acid 
-so 120 1.24 3 IR-120/121 CE, It 
-so - 120 1.50 3 IR-122/123 CE, " II 120 1.59 
IR-124 CE, II II 120 1.64 
IR-45 AE,weak 
-N(R) 2 
base 
-NH(R) 2 100 1.65 
-NH 2 
IRA-400/400C AE,strong base + 60(0H-),77(C1 ) -N-(CH3 )3 
IRA-425 II II 
" 
II 4.5 
Table 3.4 (continued) 
Active Maximum CT Designation Character a operating 
-1 group temp. oc meq.g 
Polystyrene resins of 
macroreticullar structure 
200 CA,strong acid 
-so 145 1.39 3 
1.25b 252 
II 
" 135 
ｉｒａｾＹＳ＠ AE,weak base 
-N(R) 2 100 1.35 IRA,900 AE,strong base + 60(0H-),77(Cl - ) 0.93 -N-(CH ) 3 3 
z.5b 1--' XE-243 AE Vl 
N 
Polycondensation resins 
IR-4B AE,weak base polyamine 43 l.l4b 
XE-265 
" 
11 II 90 2.40b 
a CE = cation exchanger ; CA anion exchanger 
b 
. 1 . -3 capaclty va ues ln meq.cm 
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comparable with those values reported for the commercially 
available ion ･ｾ｣ｨ｡ｮｧ･ｲｳＮ＠
The samples of resins used throughout this work were 
finely ｧｲｯｵｮ､ｾ ﾷ＠ in a mortar and sieved through a mesh size 
of 353km to ensure size homogeneity of the sample. Resins 
with a grain size of about lmm. were initially used but it 
was found that with these samples the reaction between the 
resin and the electrolytes proceeded at a very slow rate. 
This offer a number of disadvantages, especially for measuring 
the heats for these reactions, ｩｾ＠ the ｣｡ｬｯｲｩｾ･ｴ･ｲ＠ . . 
3.1.1 Recovery of §dibenzo-18-crown-6. 
One of the advantages of these resins rely on the fact 
that these materials can be easily recovered and obviously 
this is an extremely important factor in extraction processes. 
Since one of the main problems in the operation of solvent 
extraction plants :l$ the amount of solvent lost on recovery. 
There · is commercially available equipment to reduce solvent 
losses, like centrifuges, coalescers and flotation type 
equipment. The former and latter equipment involve power 
consumption resulting sometimes anti-economical .. Coalescers, 
are excellent materials for recovery processes provided that 
there is no solid material in the solution being treated. 
Activated carbon has been successfully used to recover solvents 
from raffinates containing electrolytes. The activated 
carbon must possess enough hardness to permit easy and 
effective back washing. as well as to support the hydraulic 
- 154 -
and mechanical handling associated with the regeneration 
process. 
These limitations are not found for the resins used in 
this work. Since ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ are solid materials, 
problems associated with losses of solvent by evaporation 
are non-existent. 
The resin was recovered in the laboratory by recycling 
water through it, to elute the species adsorbed. For this 
purpose a Soxhlet assembly was used. The resin (about 20g) 
was placed in a cylindrical glass container with a sintered 
glass base. Distilled water was recycled from a 1000cm3 
flask through the Soxhlet containing the glass cylinder 
with the resin. The complete recovery of the resin was 
achieved in two weeks, due to the fact that the extraction 
system used was too small for the amount of resin to recover. 
When small amounts of resin (about Oo5g) were stirred 
in a beaker containing a given volume of distilled water 
(about 100cm3 )p complete recovery of the original material 
was attained in two hours. 
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3.2 Distribution of salts between DB18C6 and water at 298K. 
Partition constants can be expressed in different concen-
tration scales (i.e. molarity, molality, mole fraction). In 
terms of molar concentration it can be expressed as 
(3.2.1) 
where DI and PI are the distribution ｣ｯ･ｦｦｩ｣ｩ･ｮｾｯｦ＠ solute 
I (eqn. 3.2.2) and partition constant, respectively. 
t 1 and ｾｬ＠ are the notations used to indicate the molar 
activity coefficients of the solute (I) in the molar scale 
for the aqueous and organic phases, respectively. 
The distribution coefficient DI is defined as the 
ratio of the analytical (i.e. total or stoichiometric) con-
centration of the solute in one phase (organic phase) to that 
in the other (aqueous phase) 
(3.2.2) 
In all ion exchange processes the distribution coeffi-
cient of an ion A displacing from the resin an ion B is 
given by 
quantity of A per unit weight of dry resin 
quantity of A per unit volume of solution 
(3.2.3) 
- 156 -
where the numerator is proportional to xA (mole fraction of A 
in the resin phase), the denominator being proportional to 
CA (molar or molal concentration in solution) so that 
(3.2.4) 
The proportionality constant, K , is independent of the ion, 
'. 
the resin composition and the solution concentration. 
Th . f SA b h . . . b e separat1on ｡｣ｴｯｲｾ＠ B ｾ＠ etween t e 1ons 1s g1ven y 
In cases for which uni-univalent ion exchange process 
is taking place, all separation factors are numerically 
identical, for a uni-multivalent ion exchange process where 
zA > zB the separation factors vary with concentration. In 
' the latter case, ion A will be preferred the more dilute is the 
solution, just because of its higher charge, without the resin 
showing any special selectivity for this ion. 
Distribution coefficients are independent of the concen-
tration of the solute only in the ideal case where the ｳｯｬｶ･ｮｾ＠
(in a solvent extraction process) are completely immiscible 
in . each other and there are no interactions between solute and 
solvent or association or dissociation reactions involved. In 
that case the distribution coefficient is called the thermodynamic 
partition constanto It is equal to the ratio of the solubili-
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Table 3 ; 5: Distribution coefficients for KSCN between water and 
ffiDB18C6 at 298K. 
Weight of 
resin (g) 
0.32426 
0.34862 
0.49795 
0.34734 
0.35990 
0.48565 
0.34754 
0.34844 
0.35578 
0.36380 
0.34658 
0.35975 
0.36858 
M.a 
1. -3 
mg.cm 
2.03 
2.03 
3.52 
3.71 
3.71 
4.44 
5.76 
5.76 
7.71 
7.71 
11 .. 56 
11.56 
15.44 
M b 
e -3 
mg.crn 
1.86 
1.85 
3.19 
3.46 
3.46 
4.07 
5.46 
5.46 
7.38 
7.37 
11.21 
11.20 
15.05 
M c 
R -1 
rng.g 
26.5 
26.1 
33.5 
36.3 
35.1 
38.5 
43.6 
43 . 5 
46.8 
47.2 
51.0 
50 .. 5 
53.4 
Dd 
3 -1 
em g 
14-.2 
14.1 
10.5 
10.5 
10.1 
9.4 
8.0 
8.0 
6.3 
6.4 
4.5 
4.5 
3. -s 
a Mi is the notation used to indicate the initial amount 
of metal-ion in solution as determined by analysis. 
b M is the ' notation used to indicate the equilibrium e 
amount of metal-ion in solution as determined by 
analysis. 
c 
MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3. 2. 7. 
d D is the notation used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and M . e 
Table 
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3. 6: Distribution coefficients for KI between water and 
ｾｄｂＱＸｃＶ＠ at 298 K. 
Weight of M.a M b M c Dd 
ｾ＠ e R 
resin (g) -3 -3 -1 3 -1 rng.crn rng.crn rng.g ern g 
0.34549 1.09 9.97xl0-l 13.6 13.6 
0.32530 1.09 1.00 14.0 14.0 
Ov33726 1.98 1.85 19.5 10 .. 5 
0.33287 1.98 1.85 19.7 10.7 
0.33791 3.88 3.67 31.4 8 .. 5 
0.33780 3.88 3.67 31.4 8.5 
0.33907 5.82 5.57 37.2 6.7 
0.34598 5 .. 82 5 .. 56 37.9 6.8 
0 .. 32820 8.01 7.73 43.1 5.6 
0 .. 33727 8.01 7.72 43 .. 4 5 .. 6 
0.34580 16.14 15.79 51 .. 1 3 .. 2 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined by 
analysiso 
c M is the notation used to indicate the amount of metal R 
in the resin as calculated from eqn. 3.2 .. 7 
d D is the notation used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and M • 
e 
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Table 3.7: Distribution coefficients for KBr between water and 
ffiDB18C6 at 298K. 
Weight of 
resin (g) 
0.32299 
0.32125 
0.49160 
0.50780 
0.31547 
0.31727 
0.50180 
0.49720 
0.32386 
0.33719 
0.31423 
0.31403 
0.32176 
0.32865 
0.32980 
M.a 
ｾ＠ -3 
mg.cm 
2.10 
2.10 
3.02 
3.02 
3.90 
3.90 
5.88 
5.88 
7.67 
7.67 
11.51 
11.51 
20.01 
20.01 
29.46 
M b 
e -3 
mg.cm 
2.04 
2.05 
2.90 
2.90 
3.80 
3.80 
5.68 
5.68 
7.52 
7.51 
11.32 
11.33 
19.77 
19.77 
29.17 
M c 
R -1 
mg.g 
9.4 
9.4 
12.3 
11.9 
16.0 
15.9 
20.1 
20.3 
23.4 
23.9 
30.5 
28.9 
37.7 
36.9 
44.4 
Dd 
3 -1 
em g 
4.6 
4.6 
4.2 
4.1 
4.2 
4.2 
3.5 
3.6 
3.1 
3.2 
2.7 
2.5 
1.9 
1.9 
1.5 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined by 
analysis. 
c M is the notation used to indicate the amount of metal R 
in the resin as calculated from eqn. 3.2.7 
d D is the notation used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and H . 
e 
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Table 3.8: Distribution coefficients for KCl between water and 
ｾｄｂＱＸｃＶ＠ at 298K. 
Weight 
resin (g) 
0.33628 
0.34170 
0.50314 
0.33831 
0.33730 
0.49556 
0.51274 
0.50980 
0.34286 
0.33132 
0.33441 
a M. is the 
]_ 
M.a 
ｾ＠ -3 
mg.cm 
1.07 
1.07 
3.32 
3.86 
3.86 
3.95 
6.01 
8.79 
14.90 
14.90 
19.15 
notation 
of metal-ion in 
b M is the notation 
e 
used 
M b 
e -3 
mg.crn 
1.05 
1.05 
3.24 
3.79 
3.80 
3.85 
5.86 
8.61 
14.70 
-1 
14.71 
18.93 
to indicate 
M c 
R -1 
mg.g 
3.0 
2.9 
8.9 
10.4 
9.0 
10.2 
14.8 
17.8 
29.4 
28.9 
33.2 
the initial 
Dd 
3 -1 
em g 
2.9 
2.8 
2.5 
2.7 
2.4 
2.6 
2.5 
2.1 
2.0 
2.0 
1.7 
amount 
solution as determined by analysis. 
used to indicate the equilibrium 
amount of metal-ion in solution as determined by 
analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3.2.-7 
d D is the notation used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and Me. 
Table 
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3.9: Distribution coefficients for KPi between water 
and 9 DB18C6 at 298K. 
Weight of M.a M b M c Dd 
ｾ＠ -3 e 
-3 R_l 3 -1 
resin (g) mg.cm mg.cm mg.g em g 
0.30980 7.47xl0- 2 1.88xl0 -2 9.1 484 
0.31930 1.02xl0 -1 2 .. 25xl0- 2 12.6 559 
0.30862 1.02xl0 -1 2.68x10 -2 12.3 459 
0.29420 1.38xl0-1 3.53xl0 -2 17.6 499 
0.32364 2.10xl0 -1 5.55xl0 -2 24.1 434 
0.30892 2.10xl0-l 6.14xl0 -2 24.3 395 
0.31233 2.71xl0-l 8.88xl0 -2 29.4 332 
0.30083 3.05x10 -1 1 .. 15xl0 -1 31.9 277 
0.29209 3.05xl0 -1 1.15xl0 -1 32.8 285 
0.30475 3.70xl0 -1 1.52x10 -1 36.1 232 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c M is the notation used to indicate the amount of metal R 
in the resin as calculated from eqn. 3.2. -7 
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and Me. 
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Tab 1 e .3 ｾ＠ 1:0 : Distribution coefficients for NaSCN between water 
and ｾｄｂＱＸｃＶ＠ at 298K .. 
Weight of M.a M b M c Dd 
l. -3 e 
-3 R_1 3 -1 resin {g) mg.cm mg.cm mg.g em g 
0.48772 2.30 2.17 13.5 6.2 
0.49036 2.30 ＲｾＱＷ＠ 13.4 6.2 
0.31814 2.43 2.34 14.3 6.1 
0.31851 2.43 2.34 14.3 6.1 
0.49609 2.98 2.82 16.3 5.8 
0.48680 3.22 3.06 16.6 5.4 
0.31348 3.50 3.39 17.1 5.2 
0.31673 3.50 3.39 17.5 5.2 
0.31586 4.66 4.53 20.8 4.6 
0.32231 4.66 4.53 20.4 4.5 
0.33196 10.87 10.70 25.9 2.4 
0 .. 32477 10.87 10.70 26.4 2.5 
a M. is the notation used to indicate the initial amount l. 
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium e 
amount of metal-ion in solution as determined 
by analysis. 
c M is the notation used to indicate the amount of metal R 
in the resin as calculated from eqn. 3.2.7. 
dD is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and M . 
e 
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ｔｾ｢Ｑ･＠ ＳａｾＱ＠ Distribution coefficients for Nal between water 
and ｾｄｂＱＸｃＶ＠ at 298K. 
Weight of 
resin (g) 
0.33173 
0.32273 
0.39139 
0.39519 
0.26865 
0.37795 
0.37977 
0 .. 25102 
0.31247 
0.28799 
0.39746 
0.39518 
0.37133 
M.a 
ｾ＠ -3 
mg.cm 
1.24 
1.24 
1.36 
1.36 
1.65 
2.48 
2.48 
3.77 
4.62 
4.62 
4.85 
4.85 
12.3 
M b 
e -3 
mg.cm 
1.20 
1.20 
1.31 
1.31 
1.61 
2.40 
2.40 
3 . 70 
4.52 
4.52 
4.72 
4.72 
12.1 
ｾ｣＠
-1 
mg.g 
6.1 
6.3 
6.4 
6.4 
7.5 
10.7 
10.6 
14.1 
16.1 
17.5 
16.5 
16.6 
27.2 
Dd 
3 -1 
em g 
r 
5.1 
5.2 
4.9 
4.9 
4.7 
4.5 
4.4 
3.8 
3.6 
3.9 
3.5 
3.5 
2.2 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined by 
analysis. 
c M 
R is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3.2.7. 
d D is the notation used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and M . e 
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Table .3.12: Distribution coefficients for NaPi between water 
and ｾｄｂＱＸｃＶ＠ at 298K. 
Weight of M.a M b M c Dd 
ｾ＠ e R_l 
-3 3 -1 
resin (g) mg.cm- 3 mg.cm mg.g em g 
0.32116 1.1lxl0 -1 5.63x10- 2 8.6 153 
0.32915 1.1lxl0-l 5.52x10 -2 8.6 155 
0.31789 1.82x10 -1 9.96x10 -2 13.1 131 
0.31535 1.82x10 -1 9.98x10 -2 13.1 132 
0.32875 2.31xl0 -1 1.3lxl0 -1 15.3 117 
0.32178 2.3lxl0 -1 1.34xl0 -1 15.2 113 
0.34022 3.37xl0 -1 2.17xl0 -1 17.8 82 
0.32332 3.37xl0 -1 2.23xl0 -1 17.8 80 
0.39474 4.5lxl0 -1 3.0lxl0 -1 19.2 64 
0.39960 4.51xl0 -1 2.97xl0 -1 19.5 65 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3.2.7. 
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and Me. 
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Table ＳＮＧＱｾ＠ Distribution coefficient for Rbl between water 
and ｾｄｂＱＸｃＶ＠ at 298K. 
Weight of M.a M b M c Dd 
1 e R -1 3 -1 -3 -3 
resin (g) mg.cm mg.cm mg.g em g 
0.35725 2.51 2.45 8.5 
0.35971 2.51 2.45 8.4 
0.36129 4.48 4.32 22.3 
0.37922 4.48 4.31 22.6 
0.33840 6.86 6.62 35.8 
0.35636 6.86 6.62 34.0 
0 .. 35357 16.81 16.38 61.4 
0.39319 16.81 16.38 55.2 
0.29129 24.82 24.40 72.8 
0.34254 40.47 39.88 86.9 
a M. is the notation used to indicate the initial amount 
1 
of metal-ion in solution as determined by analysis. 
b M. is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined by 
analysis. 
3.5 
3.4 
5.2 
5.3 
5.4 
5.1 
3.7 
3.4 
3.0 
2.'2 
c M is the notation used to indicate the amount of metal R 
in .the resin as calculated from eqn.3.2.7. 
d D is the notation . used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and Me. 
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Table 3.14.Distribution coefficients for Csl between water 
and _4) DB18C6 at 298K. 
Weight of M.a M b M c Dd ｾ＠
-3 e -3 R_l 3 -1 
resin (g) mg.cm mg.cm mg.g em g 
0.30892 3.47 3.39 13.1 
0.37877 6.66 ＶｾＴＳ＠ 30.7 
0.34008 6.66 6.46 29.7 
0.32408 13.26 12.92 53.0 
0.30538 19.64 19.24 66.1 
0.30910 19.64 19.26 62.1 
0.29542 26.14 25.66 82.0 
0.30354 26.14 25.65 81.5 
0.30734 38.90 38.25 106.8 
0.31238 38.90 38.24 106.7 
0.29134 62.98 62.28 121.3 
a M. is the notation 
ｾ＠
used to indicate the initial amount 
of metal-ion in solution as determined by analysis. 
b M is the notation 
e 
used to indicate the equilibrium 
amount of metal-ion in solution as determined by 
analysis. 
3.9 
4.8 
4.6 
4.1 
3.4 
3.2 
3.2 
3.2 
2.8 
2.8 
1 .. 9 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3.2.7. 
d D is the notation used to indicate the distribution ｾｦ＠
the metal between the two phases as calculated from 
the ratio between MR and Me. 
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ties of the solute in the two phases. Danil de Namor, 
Hill and Sigstad147 determined the partition constants of 
1:1 electrolytes in the water/nitrobenzene system by measuring 
the solubilities of 1:1 electrolytes in nitrobenzene. These 
values were combined with literature data for the solubilities 
of the same electrolytes in water. 
119 d Blasius and coworkers · have reporte the distribution 
coefficients for a number of 1:1 electrolytes in the resin-
water system. The distribution data reported by these authors 
(Table 1.13) are referred to a given electrolyte concentra-
tion (0.05M). Since the ratio between the distribution coeffi-
cients for two metal ions determine; the separation factor 
between these two ions in a particular system 9 it seems rele-
vant to investigate the optimum concentration at which the 
highest separation factor could be obtained. 
Distribution data for 1:1 electrolytes in the resin/ 
solvent system are shown in Tables 3.5 to 3.14 expressed as: 
D (3.2.6) 
where MR and M 
e 
are the notations used to indicate the 
amounts of alkali-metal in the resin phase (mg of alkali -
metal per g of dry resin) and solution (mg of alkali-metal 
per cm3 of solution)) respectively. Alkali-metal salts in 
1 1 d . . d 150 water are comp ete y ｾｳｳｯ｣ｾ｡ｴ･＠ . 
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The amount of alkali-metal in the resin phase was calculated 
from 
(M. - M ) x V 
ｾ＠ e (3.2.7 
where M. is the notation used · to indicate the initial amount 
ｾ＠
of alkali-metal (mg of alkali-metal per cm3 of solution). 
V (cm3 ) is the notation used to indicate the volume of solu-
tion used and WR is the notation used to indicate the weight 
of resin (g). 
Mi and MR were obtained by multiplying the respective 
molar concentrations as determined by analysis, by the 
corresponding alkali-metal atomic masses. 
The variation of the distribution coefficients with the 
initial molar concentration of the alkali-metal solutions -in 
water are represented in figures 3.5 and 3.6 (concentrations 
expressed in mol.dm- 3 are shown in Tables 3.24 - . 3.33)o 
It can be seen that the distribution coefficients are strongly 
dependent on the concentration of the electrolyte in the 
aqueous phase. Distribution values, generally decrease with 
increasing solution concentration, this effect being more 
pronounced for electrolytes such as potassium thiocyanate, 
potassium iodide, potassium and sodium picrates. For the 
alkali-metal picrates a linear decrease is observed by 
increasing the initial concentration of the electrolyte solu-
tion. The clear dependence of the distribution ratio with 
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The distribution of alkali-metal salts 
\ 
between g DB18C6 and water at different 
electrolyte concentration at 298K. 
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Fig. 3.6 The distribution of KPi and NaPi between 
ｾｄｂＱＸｃＶ＠ and water at different electrolyte 
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the initial concentration of the electrolyte in the solution 
could be attributed to an increase in interaction in the resin 
phase as the number of sites available for extraction decreases. 
Therefore, the distribution ratio decreases. 
The distribution data shows the influence of the anion 
on the extraction of the alkali-metal cations from the aqueous 
solution by jdibenzo-18-crown-6o Considering the potassium 
salts, values for the distribution coefficients show that 
found for the halides is the same as that reported by Marcus 
and Asher 98 for the extraction of alkali-metal halides from 
their aqueous solutions by crown ethers dissolved in protic 
mediao When comparing the distribution data for a given 
cation and different anions in a water/non-aqueous media 
system, the transference of the anion from water to the 
non-aqueous solvent play an_ .important role in the distribution 
of the ｣｡ｴｩｯｮｾ＠ The results obtained . from distibution studies 
for the 1:1 electrolytes in the ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶＯｷ｡ｴ･ｲ＠
system shows that the distibution coefficients obtained 
(Table 3.5-3.14) follows the same trend as that generally 
observed from the free energy of transfer data of anions 
Ｈｐｨ Ｔ ａｳｾｨ Ｔ ｂ＠ convention) from water to non-aqueous ｳｯｬｶ･ｮｴｾ ＴＸ＠
Studies in the solid state of complexed cations with 
crown ethers also showed the effect of the anion on complexa-
tiono The charge neutralizing anion exercises a pulling 
effect in the cation from the complexing crown ring as it 
happens for the bromo- paired molecule (molecule B, Fig. 1.9) 
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22 in the dihydro sodium bromide (dibenzo-18-crown-6) complex. 
In some cases the anion establishes shorter bonds with the 
cation than the latter does with the macrocycle ring. In 
130 the potassium ethylacetate (18-crown-6) complex. , the 
potassium-oxygen bonds with the anion are between 2.65 ana 
0 
2.73A whereas the potassium-oxygen bonds with the crown 
0 
ranges from 2.8 to 3.0A , when the usual bond length with 
0 
the crown is 2.8A. 
The quantitative influence of the anion in a separation 
process involving the same cation and two different anions 
should be reflected in the separation factor. The separation 
factors, defined as the ratio between two distribution 
coefficients at a given solution concentration for the potas-
sium salts are about 54.3; 5.2; 3.8; 1.7 and 1.0 for 
picrate; thiocyanate; iodide; bromide and chloride, respec-
tively (0.5M concentration) with respect to the chloride ion 
(from Tables 3.5 to 3.9). The distribution value for potas-
sium picrate at 0.05mol.dm- 3 is an estimated value obtained 
by extrapolation at that concentration of a plot of distribu-
tion versus initial molar concentration (Fig. 3.6). It was 
not possible to measure the distribution ratio for potassium 
picrate at such concentration (0.05mol.dm; 3 ) due to the low 
solubility of this salt in water (2.36xl0- 2mol.dm- 3 at 
298K). 147 Moreover, at this point the resin would have 
reached its effective capacity. It seems relevant to compare 
separation factors for two alkali-metal salts (i.e. KI and 
KBr) at different electrolyte concentration to show the 
optimum concentration at which both salts could be separated. 
- !73 -
Separation factors of 2.3; 2.0; 1.9 and 1.8 at 0.05; 0.1; 
0.15 and 0.2M, respectively are obtained (from Tables 3.6 
and 3.7). It has been suggested that119 a good separation 
between two salts can be achieved if the separation factor 
differ at least 0.2 units from 1. This suggests that potas-
sium iodide, potassium bromide and potassium chloride can be 
successfully separated up to a solution concentration of 
0.15M. This is not the case for potassium thiocyanate · and 
potassium iodide. For these two electrolytes, separation 
factors of 1.3 and 1.2 at 0.05M and O.lM, respectively are 
obtained (Tables 3.5 and 3.6). concentration lower than 
0.05M in the aqueous phase are required to achieve a good 
separation between these two salts. 
The influence of the cation on the distribution ratio 
can be quantitatively evaluated from the ratio of the distri-
bution coefficients at a given concentration of electrolytes 
containing the same anion but different cations. Considering 
the alkali-metal iodides (Fig. 3.5) the higher distribution 
ratio is obtained for potassium. The distribution order is 
K+> ｒ｢Ｋｾｾ＠ Na+> Cs+ wl'th t' f f 2 06 1 02 ,v separa lOn actors o . ; . ; 
1.00 and 0.91, respectively at O.OSM concentration and 
taking the value for sodium equal to unity. Attempts 
were made to study the distribution of lithium iodide but 
non-reproducible results were found. Very poor extraction 
of lithium from aqueous solution by Jdibenzo-18-crown-6 
was obtained even at high solution concentrations. The 
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differences found between the initial and the equilibrium 
solution concentrations were too small to be measured. 
This is expected since lithium is a very small cation and 
hence very strongly solvated. The variation of the distribu-
tion coefficients (D values is that corresponding to an 
electrolyte concentration in the aqueous phase of O.OSmol.dm- 3 ) 
as a function of ionic radius of the cation is shown in 
0 
Figure 3.7. Potassium (1.32A) fits nicely in the cavity of 
0 
the crown (ca. 1.3A) and therefore the maximum distribution 
0 
ratio is observed for this cation. Rubidium (1.49A) being 
0 
larger than potassium, is less extracted and caesium (1.65A) 
being too large to fit in the crown ether cavity is the 
0 
least extracted of the three cations. Sodium (0.96A) is too 
small a cation to sit in the crown ether unit cavity. The 
solvation of the cations in a given solvent could be an 
important factor in determining cation selectivity and 
in this respect it would be more difficult to strip the 
solvent molecules from the sodium cation than from the other 
alkali-metal ions studied. 
Thermodynamic studies on complexation reactions between 
metal-ions and macrocyclic ligands such as crown ethers, 
cryptands (monomeric form ) showed that in terms of free 
131 131 
energy as well as in terms of entropy thermodynamic 
parameters of complexation are strongly dependent on the 
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Fig. 3.7 The distribution of the alkali-metal cations 
as a function of the : cationic radii reported 
by Goldschmidt. 
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reaction media. In the process of complexing, the competition 
between the ligand and the solvent for the cation must play 
a significant role. Thus, data for the thermodynamic para-
meters of complexing of crown ethers and cryptands with 
alkali-metal ions indicated that the process of complexation 
is more favoured for those solvents possessing a poor solvat-
ing effect for the alkali-metal ｣｡ｴｩｯｮｳｾ ＳＱ＠ When formation 
constants for the 1:1 complexes of alkali-metal cations with 
dibenzo-18-crown-6 (monomeric form) were determined35 in 
different solvent media, Takeda and coworkers concluded that 
the donor number of the solvent was a very-influential 
factor in complexing. The formation constants decreased in 
the order propylene carbonate>N,N-dimethylformamide > dimethyl-
sulphoxideo 
On these basis it seemed relevant to study the effect 
of the solvent on the extraction of alkali-metal salts by 
§dibenzo-18-crown-6. 
The distribution ratio for 1:1 electrolytes in the 
ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ I N,N-dimethylformamide system were 
determined as a function of the electrolyte concentration 
in the organic media (Tables 3.15 to 3.20). rn selecting 
the reaction media,ion pair formation between the cation 
and anion in the organic phase was considered. As far as 
the solvent N,N-dimethylformamide is ｣ｯｮ｣･ｲｮ･､ｾ＠ it seems 
that the 1:1 electrolytes involved in this work are fully 
149 
dissociated in this solvent. 
Table 
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3.15: Distributions coefficients for KI between 
N,N-Dimethylformamide and poB18C6 at 298K. 
Weight of M.a M b M c Dd 
ｾ＠ -3 e 
-3 R -1 3 -1 
resin (g) mg.cm mg.cm mg.g em g 
0.37483 6.57xl0 -2 5.04xl0 -2 2.5 49 
0.32802 9.74xl0- 2 7.00xl0 -2 4.3 62 
0.32018 1.24xl0 -1 8.72xl- -2 6.0 69 
0.30105 2,.13xl0- 1 l.llxlO -1 8.5 77 
0.31486 1.24 8.05xl0-l 34.8 43 
0.31667 1.51 1.04 37.4 36 
0.30024 1.92 1.44 40.3 28 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from. eqn. ＳｾＲｾＷＮ＠
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio. between MR and Me. 
. . -- --------------------------
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Table 3.16: Distribution coefficients for Nai between 
N,N-Dimethylformarnide and poB18C6 at 298K. 
Weight of M.a M b M c Dd 
ｾ＠ -3 e 
-3 R -1 3 -1 resin (g) mg. ern mg.cm mg.g em g 
0.43121 5.87xl0 -2 4.69xl0 -2 1.4 30 
0.49864 9.6lx10 -2 
. -2 
7.15xl0 2.6 36 
0.34441 2.4lxl0 -1 1.43xl0 -1 5.7 40 
0.35800 5.41xl0 -1 3.61x10 -1 10.1 28 
0.36018 6.85x10-l 4.74xl0 -1 11.8 25 
0.35422 9.57xl0- 1 8.49xl0 -1 15.4 18 
0.36795 1.28 9.80x10 .:.1 16.4 17 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. ＳＮ ﾷ ＲｾＷＮ＠
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and Me. 
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Table Ｎ ＳｾｊＷＺｄｩｳｴｲｩ｢ｵｴｩｯｮ＠ coefficients for KBr between 
N,N-dirnethylformamide and 1 DB18C6 at 298K. 
Weight of M.a M b M c Dd ｾ＠
-3 e -3 R_l crn3g resin (g) mg.cm mg.cm- mg.g 
0.48256 2.76xl0 -1 1.15x10 -1 8.4 73 
0.54286 4.03xl0-l 
. -1 
1.48xl0 11.8 80 
0.55492 7.23xl0 -1 2.55xl0 -1 21.2 83 
0.53303 1.21 4.97xl0-l 33.7 68 
0.51721 1.50 5.98xl0 -1 35.2 59 
0.52444 1.83 9.66xl0 -1 41.5 43 
a M. is the notation 
ｾ＠
used to indicate the initial amount 
of metal-ion in solution as determined by analysiso 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined by 
analysis. 
c 
MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3 .:z; 7 . 
d D is the notation used to indicate the distribution of 
the metal between the two phases as calculated from 
the ratio between MR and M . e 
-1 
Table 
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3.18: Disbribution coefficients for KCl04 betwePn 
N,N-Dimethylforrnamide and j) DB 18 C 6 at 2 9 8K . 
Weight of M.a M b M c Dd ｾ＠ e 
resin (g) -3 -3 R -1 3 -1 rng. em mg. ern rng.g ern g 
0.50113 1.03xl0 -1 7. 8Zxl0 -2 2.6 33 
0.44444 1.20xl0 -1 9.07xl0 -2 3.5 38 
0.35024 2.07xl0 -1 1.20xl0 -1 5.0 42 
0.38839 3.73xl0 -1 1.95xl0 -1 9.2 47 
0.32479 7.15xl0-l 4.34x10 -1 17.5 40 
0.33142 1.20 7.86x10 -1 25.2 32 
Oo34034 1.43 9.58xl0 -1 28.0 29 
0.35749 2.34 1.69 36.7 22 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysiso 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. ＳＮＲＮｾＮ＠
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and Me. 
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Table 3.19: Distribution coefficients of KPi ｢ｾｴｷ･･ｮ＠
N,N-Dimethylformamide and §'DB18C6 at 298K. 
M.a 
]_ 
M b 
e Dd Weight of 
resin (g) c -3 mg. m -3 rng.cm -1 mg.g 3 -1 em g 
0.35483 8.09xl0 -2 4.46xl0 -2 2.1 46 
0.35795 1.93xl0 -1 9.42x10 -2 5.6 59 
0.34370 2.57xl0 -1 1.29xl0 -1 7.5 58 
0.34665 3.62xl0 -1 1.9lx10 -1 9.9 52 
0.35405 4.76x10 -1 2.62Kl0 -1 12.2 46 
0.39338 6.70xl0 -1 3.85xl0 -1 · 14.6 38 
0.38092 1.46 9.99xl0 -1 24.4 24 
a M. is the notation used to indicate the initial amount 
]_ 
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3.2:1. 
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and Me. 
Table 
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3.20: Distribution coefficients for Csl between 
N,N-Dimethylformamide and ｾｄｂＱＸｃＶ＠ at 298K. 
Weight of M.a M b M c Dd 
ｾ＠ -3 e 
-3 R -1 3 -1 
resin (g) mg.cm mg.cm mg.g em g 
0.35961 6.15xl0 -1 5.34xl0 -1 11.6 22 
0.34984 8.73xl0 -1 7.56xl0 -1 17.4 23 
0.36748 1.01 8.69xl0-l 20.1 23 
0.30005 1.73 1.28 30.2 24 
0.27916 3.26 2.58 49.1 19 
0.28283 5.50 4.49 72.0 16 
0.26770 6.88 5.82 79.9 14 
a M. is the notation used to indicate the initial amount 
ｾ＠
of metal-ion in solution as determined by analysis. 
b M is the notation used to indicate the equilibrium 
e 
amount of metal-ion in solution as determined 
by analysis. 
c MR is the notation used to indicate the amount of metal 
in the resin as calculated from eqn. 3.2.7. 
d D is the notation used to indicate the distribution 
of the metal between the two phases as calculated 
from the ratio between MR and Me. 
---------------------------··· ·· .. . 
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The variation of the distribution data for the alkali-
metal salts with the initial molar concentration for the resin 
/N,N-dimethylformamide system are shown in Fig. 3.8. An 
increase in the distribution ratio is observed up to O.OlM 
and then distribution values decrease. 
Comparison between these data and those obtained for the 
ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶＯｷ｡ｴ･ｲ＠ system for electrolytes contain-
ing the same cation and different anions seems to indicate 
that there is an inversion of selectivity due to the anion 
when N,N-dimethylformamide is the reaction media. Disbribu-
tion ratios are in the order ｂｲＭ＾ｉＭ＾ｐｩｾｃｬＰＴＮ＠ When potas-
sium bromide and potassium iodide are the electrolytes 
｣ｯｮｳｩ､･ｲ･､ｾ＠ it appears that at concentrations lower than O.OlM 
the distribution ratio for iodides are higher than that of 
bromide. An inversion in the selectivity is also observed 
for picrate and perchlorate anions; perchlorate being more 
selective at concentrations higher than O.OlSM. This could 
probably be due to ion pair formation between potassium and 
picrate in N,N-dimethylformamide at such solution concentra-
tion. 
Heats of immersion measured between ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠
and N,N-dimethylformamide seem to indicate that a strong 
interaction exists between the resin and this particular 
solvent (see section 3.4). This fact could explain the 
increasing distribution values obtained at low concentration. 
A competition between the solvent and the electrolyte for 
the resin could take place, with the result that at low 
concentration of the organic phase,a higher proportion of 
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Fig. 3.8 The distribution of alkali-metal salts between 
poB18C6 and N,N-dimethylformamide at different 
electrolyte concentrations at 298K. 
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solvent relative to electrolyte could be adsorbed by the resin. 
This competition balances in favour of the electrolyte when 
increasing its concentration in the solution up to about 
O.OlM. A decrease in the distribution values is then observed 
which could be attributed to interactions in the resin phase. 
The interaction between the resin and N,N-dimethylformamide 
could also explain the lower capacity values observed for a 
given electrolyte in this solvent with respect to water. 
Single-ion free energy of transfer data from water to 
N,N-dimethylformamide based on the tetraphenylarsoniumftetra-
phenylborate convention at 298K reported in the literature 148 
for the transfer of iodide and bromide ions clearly indicate 
that these two ions are more solvated in water than N,N-dime-
thylformamide (6G: values of 5.6 and 9.6Kcal.mol-l for 
iodide and bromide, respectively). This effect being more 
pronounced for the bromide than for the iodide ion. If the 
transfer between the same anions is considered from N,N-dime-
ｴｾｹｬｦｯｲｭ｡ｭｩ､･＠ to other dipolar aprotic solvent such as 
0 - -1 
acetonitrile ＨｾｇｴＨｈｺｏｾａｎＩＨｉ＠ )=5.3Kcal.mol ; 
6G:(H
2
0-.AN)(Br-)=8.6Kcal.mol- 1 , values of ｾｇＺＨｉＭＩ＠
-0.3Kcal.mol -1 A o - -1 and L4Gt(Br )=-1.0Kcal.mol are obtained, 
indicating that in these two solvents the transfer of 
bromide is more favoured than that of iodide. This seems 
to be the case in the Jdibenzo-18-crown-6/N,N-dimethyl-
formamide system when the different anions are considered. 
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In order to obtain further information regarding the 
influence of the reaction media on the distibution of 1:1 
electrolytes, experimental work was carried out using 
gdibenzo-18-crown-6 and potassium iodide in propylene carbo-
nate, acetonitrile and methanol. Data at 298K are reported 
in Tables 3.21 to 3.23. Figure 3.9 shows comparatively 
the variation of distribution values of potassium iodide in 
the different resin/solvent system studied. Higher distri-
bution coefficients are obtained for potassium iodide when 
acetonitrile was the reaction media . The distribution values 
at a given concentration decrease in the order acetonitrile> 
propylene carbonate>methanol>N,N-dimethylformamide>water. 
The trend so far observed is similar to that reported for 
the transfer of the iodide ion from water to the respective 
-1 
solvents (6.3; 5 . 8; 4.0 and 2.6Kcal.mol are the values 
0 
for the !lGt[I-] from water to acetonitrile, propylene 
carbonate, methanol and N,N-dimethylformarnide, respectively) 
148 indicating that the transfer properties of the anion 
plays a decisive role on the distribution ratio (D). 
The quotient between the distribution coefficients for 
the same electrolyte (KI) in two given solvents at a given 
electrolyte concentration gives a quantitative measure of 
the effect of a given solvent with respect to the other on 
the distribution process. If a concentration of 5xl0- 3M 
is chosen and solvent factors are evaluated with 
respect to N,N-dimethylformamide as the reference 
solvent it is found that values of 11.4; 6.1; 1 
Table 3.21 Distribution coefficients for KI between propylene carbonate andjSDB18C6 at 298K. 
weight of 
resin (g) 
0.60576 
0.61256 
0.59822 
0.61591 
0.15697 
0.17020 
0.18175 
0.20400 
0.27660 
M.a 
l -3 
mg.cm 
9.74xl0- 3 
1. 95xl0- 2 
2.93xl0- 2 
3.49xl0- 2 
2.13xl0-l 
2.93xl0-l 
4.18xl0-l 
1. 88 
3.23 
M b 
e -3 
mg.cm 
5.92xlo- 3 
6.65xl0- 3 
7.47xl0- 3 
7.62xlo- 3 
5.28xl0-2 
9.58xlo- 2 
1.4lxl0-l 
1. 61 
2.84 
M c 
R -1 
mg.g 
1.9xl0-l 
5.3xl0-l 
9.2xl0-l 
1.1 
2 s. 7 
29.2 
38.4 
66.7 
71.0 
Dd 
3 -1 em g 
37 
79 
123 
146 
487 
305 
272 
41 
25 
c.e 
l. -3 
mol.dm 
2.49xl0- 4 
S.OOxl0-4 
7.50xl0-4 
8.92xl0-4 
5.46xlo- 3 
7.49xl0- 3 
1.07xl0-2 
4.80xl0- 2 
8.26xl0- 2 
a Mi is the notation used to indicate the initial amount of metal-ion in solution as. 
determined by analysis. 
b M is the notation used to indicate the equilibrium amount of metal-ion in solution e 
as determined by analysis. 
c MR is the notation used to indicate the amount of metal in the resin as calculated 
from eqn. 3.2.7. 
d D is the notation used to indicate the distribution of the metal between the two 
phases as ｣｡ｬｾｵｾ｡ｴ･､＠ from t;h.e ｲｻｬＮｴｾｯ＠ between _MR. and Me . 
e C. is the notation used to indicate the initial molar concentration of the elec-l 
trolyte solution as determined by analysis. 
........ 
00 
-......1 
Table 3.22 Distribution coefficients for KI between acetonitrile and ｾｄｂＱＸｃＶ＠ at 298K. 
weight of 
resin (g) 
0.54664 
0.57859 
0.60652 
0.60384 
0.63171 
0.59421 
0.58267 
0.30857 
0130289 
0.24531 
0.29596 
0.48767 
0.55327 
M. a 
l -3 
mg.cm 
1.4lxlo-3 
2.llxl0- 3 
4.34xl0- 3 
1.06xl0- 2 
2.13xl0- 2 
3.19xlo- 2 
3.95xlo- 2 
5.12xlo- 2 
9.38xlo- 2 
1.84xlo- 1 
4.07xlo- 1 
2.09 
2.98 
M b 
e 
mg.cm- 3 
4.8lxl0-4 
4.81xl0-4 
5.83xl0- 4 
6.14xl0-4 
8.99xl0-4 
1.46xlo-3 
1. 78xlo- 3 
4.07xlo- 3 
6.65xl0- 3 
2.0lxl0- 2 
4.34xl0- 2 
6.76xlo- 1 
1.29 
M c 
R_l 
mg.g 
4.3xl0- 2 
7.1xl0- 2 
1.6xl0-l 
4.2xl0-l 
8.lxl0-l 
1.3 
1.6 
3.9 
7.2 
16.8 
30.9 
73.0 
76.9 
0 
3 -1 
em g 
89 
148 
274 
684 
901 
890 
899 
958 
1083 
837 
713 
108 
60 
c.e 
l 
mol.dm-) 
3.6lxl0-S 
5.4lxl0-S 
l.llxl0- 4 
2.72xl0- 4 
5.45xl0- 4 
B.l7xl0- 4 
l.OlxlO-) 
1.3lxl0-) 
2.40x10-) 
4.7lxlo- 3 
1.04xl0- 2 
5.34xl0- 2 
7.63xl0- 2 
a H. is the notation used to indicate the initial amount of metal-ion in solution l 
as determined by analysis. 
b M is the notation used to indicate the equilibrium amount of metal-ion in e 
solution as determined by analysis. 
c HR is the notation used to indicate the amount of metal in the resin as 
calculated from eqn. ＳＮＲｾＷＮ＠
d D is the notation used to indicate the distribution of the metal between the 
phases as calculated from the ratio between MR and Me. 
e c. is the notation used to indicate the initial molar concentration of the l 
electrolyte solution as determined by analysis. 
1--' 
00 
00 
i-
Table 3.23 Distribution coefficients for KI between methanol and _9DB18C6 at 298K . . 
Weight of 
resin (g) 
0.50021 
0.50124 
0.50078 
ＰＮＵＰＰｾＵ＠
0.50628 
0.50036 
0.50064 
0.50191 
M.a 
ｾ＠ -3 
mg.cm 
2.38xl0-l 
3.45xl0-l 
4.34x10-l 
5.59xl0-l 
9.66xl0-l 
1. 99 
2.94 
3.99 
M b 
e -3 
mg.cm 
4.93xl0- 2 
8.05xl0- 2 
1.05xl0-1 
1.49x10-l 
3.25xl0-l 
9.23x10- 1 
l. 65 
2.38 
M c 
R -1 
mg.g 
7.5 
10.5 
13.1 
16.4 
25.3 
42.6 
51.5 
64.1 
Dd 
3 -1 em g 
153 
131 
125 
110 
78 
46 
31 
27 
c.e 
ｾ＠ -3 
mol.dm 
6.08x10-3 
8.83x10- 3 
l.llxl0- 2 
1.43xl0- 2 
2.47x10- 2 
S.09xl0- 2 
7.53xl0- 2 
10.20xl0- 2 
a M. is the notation used to indicate the initial amount of metal-ion in solution ｾ＠
as determined by analysis. 
b M is the notation used to indicate the equilibrium amount of metal-ion in e 
solution as determined by analysis. 
c MR is the notation used to indicate the amount of metal in the resin as 
calculated from eqn. 3.2.7. 
d D is the notation used to indicate the distribution of the metal between the two 
phases as calculated frQm the ratio between MR and .Me· 
e C. is the notation used to indicate the initial molar concentration of the elec-ｾ＠
trolyte solution as determined by analysis. 
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Fig. 3.9 The distribution of KI between_9)DB18C6 and 
water and other non-aqueous solvents at 
• 
different electrolyte concentrations at 
298Kct 
• Acetonitrile 
)( Propylene carbonate 
(!) Methanol 
N9 N-dirnethylformamide 
0 Water 
0.02 0.04 0.06 0.08 0.10 0.12 0 014 
C. ( mo 1. dm- 3 ) 
ｾ＠
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and 0.2 for acetonitrile, propylene carbonate,methanol, 
N,N-dimethylformamide and water, respectively 1 are obtained, 
which seems to indicate that with a proper choice of solvent 
and anion, a very efficient distributiion ratio for the 1:1 
electrolytes considered can be achieved with resins contain-
ing dibenzo-18-crown-6. 
3.3 Treatment of data to calculate the equilibrium constant 
for the extraction of alkali-metal salts from water and 
non-aqueous solvents by@DB18C6 at 298 ·K. 
In an ion exchange process, a stoichiometric reaction 
takes place since exchange of ions proceeds on an equivalent 
basis. The resin used in this work is characterised for an 
anchor group (DB18C6) containing donor atoms capable of 
forming strong coordinative bonds with metal ions. Since 
electroneutrality must be maintained1 cations and anions from 
the solution enter the resin phase. Ion pair formation for 
the 1:1 electrolytes in solvents like water and N,N-dimethyl-
formamide as obtained from conductance measurements clearly 
indicate that the alkali-metal salts are fully dissociated. 
in these solvents lSO,lSl Assuming ion pair formation in 
the resin phase between the cation and anion1 the process 
+ -taking place when a solution of 1:1 electrolyte (M + A ) 
is equilibrated with a resin containing an anchor group L, 
may be described as: 
- 192 -
+ + (3.3.1) 
where barred formulas are used to indicate the species in 
the resin phase and (s) is the notation used to indicate the 
reaction media. In expression 3.3.1 n is .defined as the 
average number of moles of crown ether units that uptakes one 
mole of electrolyte from the solvent phase. The n value is 
obtained from the ratio between the total capacity (CT) as 
obtained from microanalysis (Table 3.1) and the effective 
capacity (CE) of the resin as obtained from the procedures 
described in section 2o5 (Table 3.3). 
If the molar fraction scale is chosen for the resin 
phase and the molar scale for the solution phase, the rational 
extraction constant for the process 3.3.1 in terms of the 
mass action law treatment may be represented by 
K 
ex (3.3.2) 
where x(M+L A-) and [1 - nx(H+L A-)] are the notations 
n n 
used to indicate the mole fraction of the electrolyte and 
free ligand in the resin phase, respectively. 
[A-] are the equilibrium molar concentrations of the cation 
s 
and anion in the solution phase, respectively. The mole 
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fraction x(M+L A-) wa$ obtained from the ratio between 
n 
the equilibrium amount of electrolyte (moles) uptaken per 
gram of dry resin Ｈｃｾｄｂｬｂｃ Ｖ Ｉ＠ and the total capacity (CT) 
as determined from microanalysis (see Table 3.1). 
(3.3.3) 
The amount of electrolyte uptaken per gram of dry resin 
ＨｃｾｄｂＱＸｃＶＩ＠ was obtained from the expression 
(C. - c )V 
ｃｾｄｂＱＸｃＶ＠ = ｾ＠ e (3.3.4) 
WR 
where C. .and C are the notations used to indicate the initial ｾ＠ e 
and equilibrium molar concentrations of electrolyte solutions; 
V (cm3 ) is the volume of solution and WR (g) indicates the 
weight of resin. The rational distribution coefficient (DR) 
may be defined by 
(3.3.5) 
Replacing ( 3. 3. 5) in expression ( 3. 3 ._2) 
K 
ex [A-]s[l - nx(M+L A-)]n 
n 
(3.3.6) 
Expression (3.3.6) may be rewritten as 
(3.3. 7) 
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Taking logarithms in both sides of equation 3.3.6 
log Kex + 
From equation 3.3.7 a plot of log DR/[A-]s versus log[1 
- ]n nx(M+L A-) should give a straight linee The intercept of 
n 
this line will give log K and the slope should be equal 
ex 
to unity. Values of log DR/[A-]s were plotted versus 
- ]n log (1 - nx(M+L A-) for potassium thiocyanate, potassium 
n 
iodide, potassium bromide, potassium chloride, potassium 
picrate, sodium thiocyanate, sodium iodide, sodium picrate, 
rubidium iodide and caesium iodide (Figo 3.10). In all cases 
a linear relationship was obtained with slope values about 
unity which indicates that the approximations made in equa-
tion 3o3o4 and the n values used are reasonable. Deviation 
from the straight line occurs at the two extremes of electro-
lyte concentration, ｴｨｾｳ･｡ｲｾ＠ very dilute and very concentrated 
solution concentrationso The former observation could be 
I 
due to the small amount of electrolyte uptaken by the resin 
from very low solution concentrations. The latter observations 
could be due to the fact that at high concentrations (>0.2M 
in water and >O.OSM in N,N-dimethylformamide) the resin has 
almost reached its effective capacity, this ｩｾ＠ the equilibrium 
is totally displaced to the right in equation 3.3.1 and hence 
the amount of electrolyte uptaken by the resin increases 
very little with increasing concentration. Equilibrium 
constants obtained from the plots log DR /[A-]s versus 
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Fig. 3.10 Plots of log D/[A-] against 
log ( 1-nx< M+L A-> ]·n. w ete."(' ( ｾｯ｡ｦ｡｣ｴｏ＠
. n 
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log (1 - nx(M+L A-)]n (Fig. 3.10 and 3.11) for 1:1 electro-
n 
lytes in water and N,N-dimethylformamide are shown in 
Table 3.24. The values of n are also included in this tableo 
The log K values 
ex 
obtained by the use of equation 3.3.7 
are only apparent values, since activity coefficients in the 
solution and resin phase were not considered. For the process 
described by equation 3.3.1 an expression for the ｴｨ･ｲｭｯ､ｹｮ｡ｾ＠
mic equilibrium constant requires equation 3.3.2 to be 
expressed in activities. The standard state for the solution 
phase can be chosen as that of 1M where the molar mean acti-
vity coefficients are equal to unity. For the resin phase, 
two standard states are required corresponding to the free 
ligand and that for the resin saturated with the electrolyte. 
It could be said that if the electrolyte is fully associated 
in the resin phase, the activity coefficients for the electro-· 
lyte in the resin phase could be considered unityo Howeverp 
this is only an assumption, which is in line with the assump-
. 152 tions made by ｰｲ･ｶｾｯｵｳ＠ authors when dealing with 
neutral resins and electrolytes. It appears to be a reasonable 
assumption, since it is not easy to define what is meant 
by association or dissociation in such a medium. However, 
no studies have been carried out in order to obtain 
information regarding the state of the electrolyte in the 
resin phase. Thus, the equilibrium constants obtained for 
the extraction process as described by (3.3.7) are only appa-
rent values corrected for activity in the solution phase. 
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Table 3.24 Rational equilibrium constant for the extraction 
of 1:1 electrolytes at 298K using equation 3.3.7 (see text). 
Solvent H20 DMF 
Electrolyte n log K n log K 
KSCN 1.76 2.33 
KI 1.85 2.33 2.15 4.21 
KBr 2.30 1.64 1.95 4.12 
KCl 2.73 1.40 
KPi 2.25 5.81 3 .. 50 4.32 
KC104 2.40 3.87 
NaSCN 2.00 1.91 
Nai 2.25 1.84 3.00 3.84 
NaPi 2.40 4.85 
Rbi 2.20 1.79 
Csi 2.73 1.90 3.20 3.46 
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Fig. 3.11 Plots of log D/[A-) against 
log[l - nx(M+L A-) )n. 1'MF/@Pe1SC.6 
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Introducing activity coefficients for the electrolytes 
in the solution phase, equation 3.3.2 may be rewritten as 
where Yt + + _ 6
- -M A 
K' 
ex +] [ - 1 2 [ - 1n [M A ｾＫ＠ + _ 1 - nx(M+L A-) 
s s -M A n 
(3.3.9) 
is the molar activity coefficient and K' 
ex 
is referred as the extraction constant corrected for inter-
actions in the solution phase. 
The extended Debye-Huckel equation153 (eqn. 3.3_,,10) 
was used to evaluate the activity coefficients ＨｾＫ＠ + _) 
-M A 
for 1:1 electrolytes in the solution phase. Because this 
equation can be applied only up to O.lM solution concentra-
tion, the mean ionic activity coefficients used for electro-
lyte solutions at concentrations higher than O.lM were those 
reported in the literature 154 as obtained from experi-
mental data 
log\A+ + _ 
6
- -M A 
= 
- A {C 
(3.3.10-) 
0 
1 + Ba {C 
0 0 
In equation 3.3.10, a, is the ionic size parameter (A) 
and A and B are the Debye-Huckel parameters as indicated 
by equations 3.3.11 and 3.3.12· 
· - -- · -·· ----------------------
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A 
B 
6 1.8246xl0 
50.29 
( 3. 3 ... 11) 
(3.3.12) 
where ｾ＠ and T are the notations used to indicate the 
dielectric constant of the solvent and the working tempera-
ture, respectively. 
Equilibrium constants (K' ) for the extraction of 1:1 
ex 
electrolytes from the aqueous phase by ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠
at 298 K as obtained from equation 3.3.9 are shown in 
Tables 3.25 to 3.34. It is seen that constant values are 
obtained over a wide concentration range (O.OSmol.dm- 3 to 
-3 0.2mol.dm ). At concentrations higher than Oo2M the corrected 
extraction constants (log K' ) increases, which could be 
ex 
somehow expected since at those concentrations the resin is 
almost saturated. Also at such concentrations the analytical 
errors become very appreciable as differences between the 
initial and equilibrium concentrations are indeed very small. 
The extraction constant values (log K' ) reflect the selec-
ex 
tivity of the § dibenzo-18-crown-6 towards the different 
1:1 electrolytes. Quite remarkable is the effect of the 
anion on the extraction constants, particularly the picrates. 
A quantitative evaluation can be made by taking the ratio 
between K' t values for the electrolytes containing the same 
ex 
cation and different anions. It is shown that the extraction 
Table 3 ._25 Equilibrium constant for the extraction of KSCN by ＹｄｂＱＸｃ ｾ Ｖ＠ from water at 2981<. 
Weight of c. a c b c ｃｾｄｂＱＸｃＶ＠ d - e log Kf ｾ＠ -3 e -3 '1'-± XA resin (g) mol.dm mol.drn 
0.32426 -2 -2 0.824 6.69xl0-4 0.2583 2.69 5.19xl0 4.76xl0 
0.34862 -2 -2 0.824 -4 0.2571 2.69 5.19xl0 4.73xl0 6.66xl0 
0.49795 -2 8.15xl0- 2 0.790 -4 0.3367 2.60 9.0lxl0 8.72xl0 
0.34734 -2 -2 0.783 -4 0.3533 2.59 9.49xl0 8.86xl0 9.15xl0 
-2 -2 
-4 N 0.35990 0.783 0.3521 2.60 0 9.49xl0 8.86xl0 9.12xl0 1--' 
0.48565 11.35xl0 -2 10.4lxl0 -2 0.772 9.77xl0 -4 0.3772 2.60 
0.34754 14.73xl0 -2 13.97xl0 -2 0.748 l.lOxl0- 3 0.4247 2.64 
0.34844 14.73xl0 -2 13.97xl0 -2 0.748 l.lOxlO -3 0.4247 2.64 
0.35578 -2 -2 0.722 1.2lxl0-3 0.4672 2.72 19.72xl0 18.87xl0 
0.36380 19.72xl0 -2 18.85xl0 -2 0.722 1.2lxl0 -3 0.4672 2.72 
0.34658 -2 28.67xl0- 2 0.689 1.3lxl0-3 0.5058 2.80 29.57xl0 
0.35975 29.57xl0- 2 28.64xl0 -2 0.689 1.30xl0-3 0.5019 2.75 
0.36858 -2 -2 0.666 -3 0.5405 3.23 39.50xl0 38.48xl0 1.40xl0 
a,b,c,d,e,f see page 211. 
Table 3.26 Equilibrium constant for the extraction of KI by ｾｄｂＱＸｃＶ＠ from water at 298K. 
Weight of c. a c b c ｃｾｄｂＱＸｃＶ＠ d - e log Kf ]_ -3 e -3 'l'-± XA resin (g) mol.dm mol. dm 
0.34549 -2 -2 0.857 -4 0.1297 2.65 2.78xl0 2.55xl0 3.36x10 
0.32530 -2 -2 0.857 -4 0.1317 2.66 2.78x10 2.56x10 3.41x10 
0.33726 -2 -2 0.821 -4 0.1965 2.48 5.06x10 4.72x10 5.09x10 
0.33287 -2 -2 0.821 -4 0.1992 2.49 5.06x10 4,72x10 5.16x10 
0.33791 -2 -2 0.776 -4 0.3058 2.43 9.92x10 9 ｾ＠ 39.xl0 7.92x10 N 
0 
-2 
-2 
-4 N 0.33780 9.92x10 9.39xl0 0.776 7.92xl0 0.3058 2.43 
0.33907 -2 -2 0.759 -4 0.3737 2.45 14.89x10 14.24x10 9.68xl0 
0.34598 14.89xl0-2 14.23x10 -2 0.759 9.63xl0 -4 0.3718 2.44 
0.32820 -2 -2 0.723 -3 0.4286 2.59 20.49x10 19.77xl0 1.11xl0 
0.33727 20.49x10 -2 19.74x10 -2 
c 
0.723 1.12xl0 -3 0.4324 2.62 
0.34580 -2 -2 0.678 -3 0.5019 2.95 41.28xl0 40.39xl0 1.30xl0 
a,b,c,d,e,f see page 211. 
'-
------------------------------------------------------- __ ,_ ., __ _ 
Table 3o27 Equilibrium constant for the extraction of KBr by ｾｄｂＱＸｃＶ＠ from water at 298K. 
Weight of c. a c b c ｃｾｄｂＱＸｃＶ＠ d - e f ｾ＠ -3 e -3 'f± XA log K resin (g) rnol.drn mol.drn 
0.32299 5.38x10 -2 5.22xl0 -2 0.812 2.50x10 -4 0.0965 1.98 
0.32125 5.38x10 -2 5.22x10 -2 0.812 2.5lxl0 -4 0.0969 1.98 
0.49160 7.72x10 -2 7.41x10 -2 0.791 3.18x10 -4 0.1228 1.88 
0.45078 7.72x10- 2 7.41x10- 2 0.791 3.08x10 -4 0.1189 1.86 
0.31547 -2 -2 0.769 -4 0.1483 1.84 9.97x10 9.73x10 3.84x10 N 
0 
-2 -2 -4 w 0.31727 9.97xl0 9.73xl0 0.769 3.82xl0 0.1475 1.83 
0.50180 15.04xl0 -2 14.53xl0 -2 0.744 5.13x10 -4 0.1981 1.84 
0.49720 15.04x10 -2 14.53x10 -2 0.744 5.18x10 -4 0.2000 1.85 
0.32386 19.63xl0 -2 19.24x10 -2 0.716 6.08xl0 -4 0.2347 1.87 
0.33719 19.63x10 -2 19.22x10 -2 0.716 6.14x10 -4 0.2371 1.88 
0.31423 29.43x10 -2 28.96x10- 2 0.696 7.55x10 -4 0.2915 1.96 
0.31403 29.43x10 -2 28.97x10 -2 0.696 7.39x10 -4 0.2853 1.91 
0.32176 -2 -2 0.656 -4 0.3695 2.39 51.18x10 50.57x10 9.57x10 
0.32865 51.18x1o-2 50.57x1o- 2 0.656 9.37x1o-4 0.3618 2.27 
0.32980 75.34x10 -2 74.60x10 -2 0.633 1.13x10 -3 0.4363 7.30 
a,b,c,d,e,f, see page 211. 
Table 3.28 Equilibrium constant for the extraction of KCl by ｾｄｂＱＸｃＶ＠ from water at 298K. 
ｾ･ｩｧｨｴ＠ of C. a c b 
''f± c ｃｾｄｂＱＸｃＶ＠ d - e log Kf 1. -3 e -3 XA resin (g) mol.dm mol. dm 
0.33628 2.73x10 -2 2.69x10 -2 0.851 6.00x10 -5 0.0232 1.72 
0.34170 -2 -2 0.851 -5 0.0228 1.71 2.73x10 2.69x10 5.9lx10 
0.50314 -2 -2 0.777 -4 0.0815 1.59 8.49xl0 8.28x10 2.1lx10 
0.33831 -2 -2 0.765 . -4 0.1039 1.67 9.88x10 9.70x10 2.69x10 
0.33730 -2 -2 0.765 -4 0.0981 1.62 N 9.88x10 9.71x10 2.54x10 0 
+:"-
0.49556 -2 -2 0.764 -4 0.0996 1.62 10.11x10 9.86x10 2.55x10 
0.51274 -2 -2 0.744 -4 0.1405 1.63 15.36x10 14.99x10 3.64x10 
0.50980 -2 -2 0.712 -4 0.1795 1.66 22.48x10 22.01x10 4.65x10 
0.34286 38.11x10- 2 37.59 10-2 0.674 7.66x10 -4 0.2957 2.61 
0.33132 -2 -2 7.62x10-4 38.11x10 37.61x10 0.674 0.2942 2.59 
0.33441 48.98x10- 2 48.40x10 -2 0.652 8.75x10 -4 0.3378 3.56 
a,b,c,d,e,f, see page 211. 
----------------------------------------------------------------------------------------------------------------------------------
Table .3 • .Z 9 Equilibrium constant for the extraction of KPi by ｾｄｂＱＸｃＶ＠ from water at 298K. 
Weight of C. a c b c ｃｾｄｂＱＸｃＶ＠ d - e log Kf ｾ＠ -3 e -3 'f± XA resin (g) mol.dm mol.dm 
5.30980 -3 -4 0.976 -4 0.0900 5.83 1.91x10 4.81x10 2.33x10 
0.31930 -3 -4 o·. 9 7 3 -4 0.1249 . 5.92 2.61x10 5.75x10 3.22x10 
0.30862 -3 -4 0.970 -4 0.1216 5.75 2.61xl0 6.85x10 3.15x10 
0.29420 3.53x10 -3 9.04x10 -4 0.967 4.51xl0 -4 0.1741 5.84 
N 0.32364 -3 -3 0.959 -4 0.2386 5.86 0 5.38xl0 1.42xl0 6.18x10 lJl 
0.30892 -3 -3 0.957 -4 0.2405 5.79 5.38xl0 1.57x10 6.23xl0 
0.31233 -3 -3 0.950 -4 0.2900 5.83 6.92xl0 2.27xl0 7.51x10 
0.30083 -3 -3 0.943 -4 0.3147 5.82 7.79x10 2.93x10 8.15xl0 
0.29209 -3 -3 0.943 -4 0.3228 5.89 7.79x10 2.95x10 8.36xl0 
0.30475 9.46x10- 3 -3 0.933 -4 0.3564 6.01 3.89xl0 9.23x10 
a,b,c,d,e,f see page 211. 
Table 3.30 Equilibrium constant for the extraction of NaSCN by gnB18C6 from water at 298K. 
Weight of C. a c b 
'f± c CffiDB18C6 d - e log Kf l. -3 e -3 XA resin (g) mol.dm mol.dm 
0.48772 -2 -2 0.791 -4 0.2239 2.12 9.99xl0 9.43xl0 5.80x10 
0.49036 -2 -2 0.791 -4 0.2224 2.11 9.99x10 9.43xl0 5.76xl0 
0.31814 -2 -2 0.786 -4 0.2390 2.14 10.55x10 10.16x10 6.19x19 
0.31851 -2 -2 0.786 6.18xl0- 4 0.2386 2 014 10.55x10 10.16x10 
ｾ＠0.49603 -2 -2 0.780 -4 0.2672 2.13 0 12.95x10 12.27x10 6.92x10 0'\ 
0.48680 -2 -2 0.777 -4 0.2803 2.13 14.01x10 13.3lx10 7.26x10 
0.31348 -2 -2 0.773 -4 0.2985 2.15 15.20xl0 14.72x10 7.73x10 
0.31673 -2 -2 0.773 -4 0.2892 2.10 15.20x10 14.73xl0 7.49x10 
0.31586 -2 -2 0.751 -4 0.3394 2.18 20.26x10 19.7lx10 8.79x10 
0.32231 -2 -2 0.751 -4 0.3386 2.17 20.26x10 19.70x10 8.77x10 
0.33196 47.28xl0- 2 -2 0.717 1.17xl0-3 0.4517 2.64 46.51xl0 
0.32477 -2 -2 0.717 -3 0.4517 2.64 47.28x10 46.53xl0 1.17x10 
a,b,c,d,e,f see page 211. 
Table .3.31 Equilibrium constant for the extraction of Nai by ｾｄｂＱＸｃＶ＠ from water at 298K. 
W?ight of c. a c b c 
Cj)DB18C6 
d 
- e log Kf ｾ＠ -3 e -3 Y± XA resin (g) mol. dm mo1.dm 
0·. 3317 3 5.41x10 -2 5.23x10 -2 0.817 2.74x10 -4 0.1058 2.03 
0.32273 -2 -2 0.817 -4 0.1027 2.01 5.41x10 5.24x10 2.66x10 
0.39139 -2 -2 0.812 -4 0.1097 1.99 5.91x10 5.69x10 2.84xl0 
0.39519 -2 -2 0.812 -4 0.1135 2.01 5.9lxl0 5.68xl0 2.94x10 
-4 N 0.26865 -2 -2 0.799 0.1378 2.01 0 7.17xl0 6.98xl0 3.57xl0 
-....J 
0.37795 -2 -2 0.779 -4 0.1857 1.98 10.80x10 10.44xl0 4.81x10 
0.37977 -2 -2 0.779 -4 0.1900 2.00 10.80x10 10.43x10 4.92xl0 
0.25102 16.39x10 -2 16.07x10 -2 0.762 . -4 6.43x10 0.2483 2.02 
0.31247 -2 -2 0.752 -4 0.2683 1.99 20.07x10 19.64x10 6.95xl0 
0.28799 20.07x10 -2 19.67xl0 -2 0.752 7.01xl0 -4 0.2707 2.01 
0.39746 -2 -2 0.748 -4 0.2795 2.04 21.09xl0 20.52xl0 7.24x10 
0.39518 -2 -2 Q.748 -4 0.2811 2.05 21.09x10 20.52x10 7.28x10 
0.3713.3 -2 -2 0.723 lo03x10- 3 0.3977 2.64 53.45x10 52.69x10 
a,b,c,d,e,f see page 211. 
------------------------------------------------------------ - - -------... 
Table 3.32 Equilibrium constant for the extraction of NaPi by ｾｄｂＱＸｃＶ＠ from water at 298K. 
Weight of C. a c b 
ｃｾｄｂＱＸｃＶ＠ d - e f J. -3 e -3 '('. ±c XA log K resin (g) mol.dm mol.dm 
0.32116 -3 -3 0.948 -4 0.1452 4.88 4.84x10 2.45x10 3.76x10 
0.32915 -3 2.40x10- 3 0.948 -4 0.1444 4.89 4.84x10 3.74x10 
0.31789 -3 -3 0.935 -4 0.2189 4. 90 7.90x10 4.33xl0 5.67x10 
0.31535 -3 -3 0.935 -4 0.2201 4.91 7.90xl0 4.34xl0 5.70xl0 
N 
-3 
-3 Ｍｾ＠ 0 0.32875 10.04x10 5.69x10 0.925 6.68x10 · 0.2579 4.97 (1:) 
0.32178 -3 5.84xl0- 3 0.924 -4 0.2544 4.92 10.04xl0 6.59xl0 
0.34022 -3 -3 0.907 -4 0.2992 4.93 14.64xl0 9.42xl0 7.75x10 
0.32332 -3 -3 0.907 -4 0.2985 4.90 14.64x10 9.69x10 7.73x10 
0.39474 -3 -3 0.895 -4 0.3208 4.90 19.60x10 13.10xl0 8.3lx10 
0.39960 -3 -3 0.895 -4 0.3266 4.99 19.60xl0 12.90x10 8.46xl0 
a,b,c,d,e,f see page 211. 
Table 3.33 Equilibrium constant for the extraction of Rbi by _9DB18C6 from water at 298K. 
Weight of c. a c b c 
CJDB18C6 
- e f ｾ＠ -2 e -3 'f± XA log K resin (g) mol.dm mol.dm 
().35725 -2 -2 0.856 -5 0.0382 1.89 2.94xl0 2.87x10 9.89xl0 
0.35971 -2 -2 0.856 -5 0.0379 1.88 2.94xl0 2.87x10 9.82x10 
0.36129 -2 -2 0.825 -4 0.0969 1.97 5.24x10 5.06x10 2.5lx10 
0.37922 -2 -2 0.825 -4 0.1027 2.02 5.24xl0 5.04x10 2.66x10 
N 
-2 
-2 
-4 0 0.33840 8.03x10 7.77xl0 0.802 3.88x10 0.1498 1.97 1.0 
0.35636 -2 -2 0.802 -4 0.1533 1.99 8.03x10 7.75x10 3.97x10 
0.35357 -2 -2 0.710 7.14xl0- 4 0.2757 2.06 19.67x10 19.17xl0 
0.39319 -2 -2 0.710 -4 0.2776 2.08 19.67x10 19.1lx10 7.19x10 
0.29129 29.04x10- 2 -2 0.676 1.04xl0-3 28.44x10 0.4015 3.05 
0.34254 -2 -2 -3 47.35xl0 46.57xl0 0.635 1.15xl0 0.4440 4.12 
a,b,c,d,e,f see page 211. 
Table Ｍ ＳｾＱＴｾ＠ Equilibr.ium constant for the extraction of Csl by gnB18C6 from water at 298K. 
\-1eight of c. a c b f±c C_§)DB18C6 - e f l -3 e -3 XA log K resin (g) rnol.drn mol. dm 
0.30892 -2 -2 0.864 -5 0.0378 2.02 2.6lxl0 2.55xl0 9.80xl0 
0.37877 2.61xl0 -2 4.84xl0 -2 0.831 2.27xl0 -4 0.0876 2.06 
0.34008 -2 -2 0.831 -4 0.0861 2.04 5.0lxl0 4.86xl0 2.23x10 
0.32408 -2 -2 0.791 -4 0.1564 2.08 9.98x10 9.72x10 4.05xl0 N 
1--' 
-2 
-2 
-4 0 0.30538 l4.78xl0 14.48xl0 0.726 4. 96xl0 . 0.1915 2.11 
0.30910 -2 -2 0.726 -4 0.1830 2.04 l4.78xl0 l4.49xl0 4.74xl0 
0.29542 -2 -2 0.712 -4 0.2375 2.34 19.67xl0 19.31x10 6.15xl0 
0.30354 -2 -2 0.712 -4 0.2375 2.34 19.67x10 19.30x10 6.15xl0 
0.30734 -2 -2 0.656 -4 0.3108 3.18 29.27xl0 28.78xl0 8.05xl0 
0.31238 29.27xl0- 2 28.77x1o- 2 0.656 8.08x10-4 0.3120 3.21 
0.29134 -2 -2 0.606 -4 0 .. 3544 4.71 47.39xl0 46.86xl0 9.18xl0 
a,b,c,d,e,f see page 211. 
a C. is the notation used to indicate the initial concentration of the electrolyte solution ｾ＠
as determined by analysis. 
b C is the notation used to indicate the equilibrium concentration of the electrolyte e 
solution as determined by analysis. 
｣ｾﾱ＠ is the notation used to indicate the activity coefficients in solution as determined 
from the Debye-Htickel equation ( 3.3.[0 ) for solutions less concentrated than . O.lM 
and as obtained from experimental values given in the literature 154 ' for solutions 
more concentrated than O.lM. 
d 
CjDB18C6 is the notation used to indicate the amount of electrolyte in the resin phase 
in mol.g-l of dry resin as calculated from equation ＳｾＳＮｾＮ＠
e xA is the notation used to indicate the mole fraction of the metal in the resin phase 
as obtained from equation 3 :'3 /3. 
f log K is the notation used to indicate the logarithm of the equilibrium constant of 
extraction (K) as obtained from equation 3.3.9. 
N 
I-' 
I-' 
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of a given cation, in this case potassium,is 
4 3 3 factors of about l.SSxlO ; 8.9lxl0 ; 2.09xl0 
increased by 
3 
and l.SSxlO 
when picrate is the anion with respect to chloride, bromide, 
iodide and thiocyanate, respectively. Although, the constant 
I 
of extraction values (log K ) are apparent ones, they 
ex 
undoubtedly are extremely relevant . ·from the practical view 
point. 
As far as the extraction of cations from aqueous solutions 
by ｊｄ､ｩ｢･ｮｺｯＭＱＸｾ｣ｲｯｷｮＭＶ＠ is concerned, the ratio between 
the apparent constant of extraction values for electrolytes 
containing the same anion and different cations (potassium, 
iodide» sodium iodide, rubidium iodide and caesium iodid€, 
Tables 3.26, 3a3l, 3.33, and 3.34) in the order of 3.23; 
\ 
3.47; and 2.88 clearly indicates a higher affinity of the 
resin for potassium relative to sodium, rubidium and caesium 1 
respectively. These findings are in accord with the trends 
expected from cavity/cation size considerations. 
It must be emphasized that the rational extraction cons-
tant corrected for the solution phase can not be taken as 
an absolute parameter to determine selectivity. If an 
ordinary process of ion exchange is considered, the equili-
brium constant for the exchange reaction can only be taken 
as a selectivity parameter when ions of the same charge are 
exchanged. 155 The situation discussed here could be 
assimilated to an ion-exchange process. Although 1:1 
electrolytes were extracted, the effective capacity of the 
resin varies for the different 1:1 electrolytes. Thus, 
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extraction constants are strictly comparable in terms of 
selectivity between electrolytes for those cases where the 
effective capacity of the resin is about the same for all 
electrolytes involved. When the n value is higher (lower 
capacity) a higher value for the constant of extraction 
(log K' ) is obtained (equation 3.3.9). If a comparison is 
ex 
established between potassium salts and a resin of the same 
effective capacity for all 1:1 electrolytes (i.e. the value 
for KSCN=l.47xl0- 3mol.g- 1 ; n=l.76) the log K' values for 
ex 
the other salts (KI, KBr, KCl and KPi) could be lower than 
the ones obtained. This is because then value of 1.76 
(KSCN) is lower than the values of 1.85 (KI); 2.30 (KBr); 
2.73 (KCl) and 2.25 (KPi). If n values were about the 
same, then, the difference between the equilibrium constant 
(log K' ) of the potassium salts in water would be greater 
ex 
than the difference obtained from the reported log K' values. 
ex 
The rational equilibrium constant (log K' ) for the 
ex 
extraction of 1:1 electrolytes by ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ from 
N,N-dimethylformamide at 298K uncorrected and corrected 
for activity in the solution phase are shown in Tables 3.35 
to 3.40. No experimental values for the activity 
coefficients of 1:1 electrolytes in N,N-dimethylfor-
mamide are available in the literature. With the lack 
of a better approximation, activity coefficients of potas-
sium perchlorate, sodium iodide, and caesium iodide were 
evaluated using the Debye-Huckel equation. The standard 
Table 3.35 Equilibrium constant for the extraction of KI by ｾｄｂＱＸｃＶ＠
from N,N-dimethy1formamide at 298K. 
Weight of C.a c b 
C#DB18C6 
c 
- d e 1' K1f ｾ＠ -3 e -3 XA log K og-_ resin (g) mol. dm mol. dm 
0.31483 -3 -3 -5 0.0245 4.22 4 ·. 32 1.68xl0 1.29xl0 6.34x10 
0.32802 -3 -3 -4 0.0425 4.21 4.33 2.49x10 1.79x10 1.10xl0 
0.32018 -3 -3 -4 0.0591 4.20 4.34 N 3.17x10 2.23xl0 1.53xl0 I-I 
+=--0.30105 5.46xl0- 3 -3 -4 0.0849 4.21 4.36 2.83x10 2.20xl0 
0.31486 -2 -2 ＸＮＹＶｸｬＰｾ Ｔ＠ 0.3459 4.18 4.52 3.18xl0 2.06xl0 
0.31667 -2 -2 -4 0.3683 4 .-J. 9 3.85xl0 2.65xl0 9.54xl0 4.55 
0.30024 -2 -2 -3 0.3977 4.27 4.92xl0 3.69xl0 1.03xl0 4.68 
a,b,c,d,e,f, see page 220 
Table 3.36 Equilibrium constant for the extraction of Nai by _4)DB18C6 
from N,N-dimethylformamide at 298K. 
Weight of C. a c b 
C_s0DB18C6 
c 
- d e lo"g KIf 1. -3 e -3 XA log K resin (g) mol.dm mol.dm 
0.43121 -3 -3 -5 0.0236 3.85 3.98 2.55x10 2.04xl0 6.11xl0 
0.49864 -3 -3 -4 0.0436 3.84 3.99 4.18xl0 3.1lxl0 1.13x10 
-2 
-3 
-4 N 0.34441 0.0961 3.83 4. o·5 ,_. 1.05xl0 6.24x10 2.49x10 V'1 
0.35800 -2 -2 -4 0.1695 3.76 4.07 2.35x10 1.57x10 4.39x10 
0.36018 -2 -2 -4 0.1988 3.85 4.20 2.98x10 2.06xl0 5.15x10 
0.35422 -2 -2 -4 0.2587 4.23 4.65 4.16xl0 3.69x10 6.70x10 
0.36795 -2 -2 -4 0 .. 2753 4.46 4.91 5.56xl0 4.26x10 7.13xl0 
' ) 
a,b,c,d,e,f see page 220 
Table 3.37 Equilibrium constant for the extraction of KBr by jDB18C6 
from N,N-dimethy1formarnide at 298K. 
Weight of C. a c b e 
- d log K'f ｾ＠ -3 e -3 C§DB18C6 XA log Ke resin (g) mol.dm mol.dm 
0.48256 -3 -3 -4 0.0826 4.13 4.30 7.05xl0 2.95xl0 2.14xl0 
0.54286 -2 -3 -4 0.1166 4.13 4.30 N 1.03xl0 3.79xl0 3.02x10 1--' 
0\ 
0.55492 -2 -3 -4 0.2097 4.14 4.36 1.85xl0 6.5lxl0 5.43xl0 
0.53303 -2 -2 -4 0.3320 4.20 4.49 3.09x10 1.27x10 8.60x10 
0.51721 -2 -2 -4 0.3463 4.12 4.44 3.83xl0 1.53xl0 8.97xl0 
0.52444 -2 -2 1.06xl0-3 0.4093 4.18 4.57 4.68xl0 2.47xl0 
a,b,c,d,e,f see page 220. 
Table 3. 38, Equilibrium constant for the extraction of KCl04 by ｾｄｂＱＸｃＶ＠
from water at 298K. 
Weight of C. a c b 
C9DB18C6 
c - d e f 
1 -3 e -3 XA log K log K' 
resin (g) mol.dm mo1.dm 
0.50113 -3 -3 -5 0.0253 3.87 3.99 2.63xl0 2.00xl0 6.55xl0 
0.44444 3.08xl0 -3 2 .. 32xl0 -3 8.98xl0 -5 0.0347 3.90 4.04 
0.35024 5.30xl0 -3 3.06xl0 -3 1 .. 29xl0 -4 0.0498 3.86 4.01 
0.38839 9.55xl0 -3 4.99x10 -3 2.37x10 -4 0.0915 3.82 4.02 
N 
-2 
-3 -4 1-' 0.32475 1.04x10 9.67x10 4.53x10 0.1749 3.84 4.09 -......! 
0.33142 3.08xl0 -2 2.01x10 -2 6.51xl0 -4 0.2513 3.76 4.09 
0.34034 3.66xl0 -2 2.45xl0 -2 7 .. 17xl0 -4 0.2768 3.80 4.16 
a,b,c,d,e,f, see page 220. 
Table 3.39 Equilibrium constant for the extraction of KPi by JDB18C6 
from N,N-dimethylformamide at 298. 
Weight of c. a c b c 
- d e f ｾ＠ -3 e -3 ｃｾｄｂＱＸｃＶ＠ XA log K log K' resin (g) mol.dm mol. dm 
0 .. -35483 2.07xl0 -3 1.14xl0 -3 5.29xl0 -5 0.0204 ' 4.31 4.41 
0.35795 4.94xl0 -3 2.4lxl0 -3 1.43xl0 -4 0.0550 4.30 4.44 
N 
-3 -3 -4 1-' 0.34370 6.58xl0 3.3lxl0 1.92x10 0.0741 4.29 4.45 (X) 
0.34665 9.27xl0 -3 4.88xl0 -3 2.55xl0 -4 0.0986 4.26 4.45 
0.35405 12.17xl0 -3 6.7lxl0 -3 3.llxl0 -4 0.1201 4.25 4.47 
0.39338 17.13xl0- 3 9.85xl0 -3 3.73xl0 -4 0.1441 4.24 4.49 
0.38092 37.33xl0 -3 25.55xl0 -3 6.24x10 -4 0.2409 s .. 38 5 .. 7 5 
a,b,c,d,e,f see page 220. 
ｔｾ｢ｬ･＠ 3.40 Equilibrium constant for the extraction of Csi ｢ｹｾｄｂＱＸｃＶ＠
from N,N-dimethylformamide at 298K. 
Weight of C. a c b c 
- d log Ke f l. -3 e -3 G_sinB18C6 XA log K' resin (g) mol.dm mol.dm 
Q_., 35961 -3 -3 -5 0.0338 3.48 3.65 4.63xl0 4.02xl0 8.76xl0 
0.34984 -3 -3 -4 0.0506 3.44 3.64 N 6.57xl0 5.69xl0 1.3lxl0 
....... 
-3 
-3 
-4 \.0 0.36748 7.58x10 6.54xl0 1.49x10 0.0575 3.41 3.62 
0.30005 -2 -3 -4 0.0876 3.43 3.67 1.30x10 9.63x10 2.27x10 
0.27916 -2 -2 -4 0.1421 3.42 3.74 2.45xl0 1.94x10 3.68xl0 
-2 
-2 -4 0.2093 3.80 4.20 0.28283 4.14xl0 3.38xl0 5.42xl0 
-2 -2 
-4 0. 2328 3.98 4.20 0.26770 5.18xl0 4.38xl0 6.03xl0 
a,b,c,d,e,f see page 220. 
a C. is the notation used to indicate the initial concentration of the 
l 
electrolyte solution as determined by analysis 
b C is the notation used to indicate the equilibrium concentration of 
e . . 
c 
the electrolyte solution as determined by analysis 
ｃｾｄ｢ｬＸｃＶ＠ is the notation used to indicate the amount of electrolyte 
in the resin phase in mol.g-l of dry resin as calculated 
from equation 3-·. 3 •. 4-J. 
d xA is the notation used to indicate the mole fraction of the metal in 
the resin phase as determined from equation 1.1.3J 
e log K is the notation used to indicate the logarithm of the equili-
brium constant of extraction (K ) as obtained from equation 3.3.2. 
ex 
f log K' is the notation used to indicate the logarithm of the equilibrium 
constant of extraction (K ) corrected for activity in the solution 
e·x 
phase as obtained from eqn. 3.3.9. 
N 
N 
0 
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deviations of the mean obtained from these values were 
higher than those obtained using log K calculated from 
ex 
equation 3.3.2. 
Extraction constants for the 1:1 electrolytes in the 
resin/N,N-dimethylformamide system are higher than those 
reported in water (Tables 3.35 to 3.40). Potassium picrate 
being an exception since it is better extracted from water than 
from N,N-dimethylformamide. This is probabJy due t? the 
higher solvation of the picrate ion in N,N-dimethylformamide 
with respect to water. The single free energy of transfer 
data (Ph4As/Ph4 B ｣ｯｮｾ･ｮｴｩｯｮＩ＠ from water to nitrobenzene 147 
for picrate ion indicate· that this anion is m6re solvated in 
nitrobenzene than in watero It is expected that a similar 
situation occurs with picrates in N,N-dimethylformamide1 
although no available data of single .ion free energy of 
transfer from water to this solvent are available in the 
literature. 
Judging from single ion thermodynamic parameters for 
the transfer of alkali-metal ions based on the tetraphenyl 
arsonium-tetraphenylboron convention it becomes clear that 
the cations are less solvated in N,N-dimethylformamide than 
in watero There is enough experimental evidencel31 which 
indicated that the solvation of the ion play a very impor-
tant role in the stability of metal ions and macrocyclic 
compounds. These results (Table 3.35 to 3.40) confirm 
again these observations. 
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3.4 Calorimetric results. 
The proper running of the calorimeter was checked by 
carrying out a number of measurements of reactions for which 
their heats are well established. These are 
(a) neutralization reaction of sodium hydroxide with hydro-
chloric acid (section 2.9 ) and (b) heat of solution of 
potassium chloride (section 2.9). Literature value for (a) 
is -13.34Kcal.mol: 1 142 Some of the literature values for 
(b) are reported in Table 3.41. 146 The experimental values 
found in this work , at 298K, are -13.67±0.05Kcal.mol-l and 
-4.04±0.02Kcal.mol-l for the neutralization reaction of 
sodium hydroxide with hydrochloric acid and for the heat of 
solution of potassium chloride,respectivelyi showing good 
agreement with those values reported in the literature. 
The heat of immersion, defined as the amount of heat 
evolved or absorbed when a certain amount of dry resin (lg) 
comes into. contact with the solvent, was measured at 298K 
by breaking an ampoule containing a certain amount of dry 
resin in a given volume of water. The heat measured (-8 to 
-lOcal.g-l) indicated the exothermic character of the 
reaction. It is interesting to point out that when similar 
measurements were carried out using conventional ion 
158 
exchangers it was universally observed that two pro-
cesses were involved. When the resin came into contacc with 
water, hydration of the partially dehydrated ions in the resin 
phase took place resulting in an exothermic reaction. When 
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Table 3.41 Literature values for the enthalpy change of 
solution for KCl in water at 298K.. 
Cone. range 0 Year 6H Investigators 
reported mol KCl/lOOOg 
-1 H20 cal.mol 
Brons ted 1906 0.46 - 0.09 4,167±20 
Cohen and Kooy 1928 0.28 4,110±5 
Shibata and Terasaki 1936 0.15 - 0.07 4,164±20 
Sla:n sky 1940 4,075±40 
Mishchenko and 1949 0.28 4,115±10 Kaganovich 
Kapustinskit and 1952 0.001 4,077±25 Dr akin 
Hutchinson and 1955 0.01 0.007 4,120±25 White -
Coops,Ba1k and 1956 0.01 4,082±20 Tolk 
Sunner and Wad so 1959 0.20 4,125±5 
Coops,Somsen and 1961 0.02 - 0.007 4,109±5 To1k 
ｔ｡ｬｾｫｩｮ＠ et al 1962 0.19 4,088±25 
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more water went into the exchanger, the elastic matrix expanded 
resulting in a swelling process and ｣ｯｮｳ･ｱｵ･ｮｴｬｹｾ｡ｮ＠ endo-
thermic reaction was obtained. Usually,endothermic reactions 
were observed at low ｣ｲｯｳｳｾｩｮｫｩｮｧｳ＠ and exothermic ones at 
high cross{inkings. This observation correlated well with 
the fact that for the low cross-linked resins, the swelling 
process predominates over the hydration process and the 
opposite follows for the highly cross-linked ones. In the 
latter case, the capacity to swell is restrained by the 
cross-linking which makes the matrix of the exchanger much 
more rigid than in resins of lower cross-linkings. Even though, 
it was always possible to detect some degree of swelling 
on the calorimetric chart. This is not at all the situation 
with the resins containing dibenzo-18-crown-6 and there is 
no doubt that the exothermic character of the reaction between 
the resin and water could be mainly attributed to the inter-
action, between the oxygen binding sites of the crown ether 
and the hydrogen atoms of the water molecule. The size of 
the water molecule is relatively small compared with the 
size of the crown ether . cavity. In fact co-complexation of 
water with salts and crown ethers has been observed not only 
in solution but , more relevantly to these studies, also 
in the solid state. 159 In determining the heats of immer-
sion of ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶＬ＠ it was observed that the 
velocity of the reaction between the resin and water was 
strongly dependent of the size of the particle of resins used. 
When the size of the particles were about lmm the reaction 
between ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ and water was very slow. 
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However, when the particles size was about ＳＵｾｭ＠ the reaction 
between the resin and water was completed in a few minutes. 
Heats of immersion were also determined in a number of 
solvents such as methanol, N,N-dimethylformamide, propylene 
carbonate and acetonitrile. The values obtained for the heats 
of immersion in propylene carbonate and methanol were of the 
-1 
order of -10 and -12 cal.g , respectively. These values 
being just between -2 and -4 cal.g- 1 higher than those 
obtained in water (between -8 and -10 cal.g- 1 ). For solvents 
like N,N-dimethylformamide and acetonitrile, values for the 
-1 heats of immersion of about -20 and -25cal.g , respectively; 
were obtained indicating a much stronger interaction between 
the resin with the two latter solvents than for any other 
solvent so far considered. 
3.4.1 Apparent parameters for the extraction of alkali-metal 
salts from water to jDB18C6 at 298K. 
Heat changes produced when a certain amount of dry resin 
was immersed in an aqueous solution containing different 
concentrations of 1:1 electrolytes were measured in a Tronac 
model 550 isothermal-isoperibol calorimeter. The instrument 
was used as a conventional solution calorimeter as explained 
in section 2.12 The values obtained are a measure of the 
heats involved in the reaction. 
ｾＭM LA (imm. in ｳｯｬｮＮｾ Ｒ Ｉ＠
+ M+A-(C
2
) 
(3.4.1) 
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where L(imrn. in H20) and M+LA- (imrn. in soln,C2 ) are the 
notations used to indicate the free and loaded resin immersed 
in water and in an electrolyte of concentration c2 (mol.dm-
3 ), 
respectively. 
+ - + -M A <G 1 ) and M A (C 2 ) are the notations used to indicate 
the aqueous solution of the dissociated electrolyte of 
concentration c1 and c2 , respectively. 
Thus, the gross heat of reaction (QR) measured involves 
the heat due to the immersion of the resin in water (Q.), 
ｾ＠
the heat due to the dilution of the electrolyte solution 
from the concentration ｾｬ＠ to the concentration ｾ Ｒ＠ (Qdil) 
referred to 1M concentration and the heat due to the extrac-
tion of the electrolyte by ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ from water 
or the net heat of reaction (QN) 
(3.4.2) 
Therefore, to obtain the net heat of reaction, heats due to 
immersion of the resin in water and heats due to dilution 
of the electrolyte from the solution concentration ｾｬ＠ to 
the solution concentration c2 were substracted from the 
gross heat of reactiono Results are shown in Tables 3.42 
to 3.51. The heats due to immersion of the resin in water 
and heats due to dilution of the electrolyte solution are 
also included in these tables. The enthalpy change due to 
the extraction of 1:1 electrolytes by §dibenzo-18-crown-6 
from their aqueous solution at 298.15K were evaluated from 
the slope of the straight line obtained when the net heat of 
Table 3.42 Enthalpy change for the extraction of KSCN ｢ｹｾｄｂＳＱｃＶ＠ from water at 298K. 
Weight of 
resin (g) 
0.33675 
0.33009 
0.33881 
0.33444 
0.32426 
0.34862 
0.34734 
0.35990 
0.34754 
0.34844 
0.35578 
0.36380 
0.34658 
0.35975 
a 
QR -1 
cal.g 
-12.250 
-12.295 
-15.290 
-15.435 
-18.567 
-18.497 
-22.183 
-22.109 
-24.920 
-24.825 
-26.717 
-26.674 
-28.007 
-27.926 
h -1 QI = -8.660cal.g 
b 
.6Hdil -1 
ca1.mol 
-16.8 
-16.3 
-23.3 
-23.1 
-26.6 
-27.3 
-30.6 
-30.9 
-32.6 
-32.6 
-33.9 
-34.2 
-34.9 
-35.5 
a,b,c,d,e,f,g,h see page 237. 
c 
QN -1 
cal.g 
3 .. 586 
- 3 .. 631 
- 6.619 
- 6.764 
- 9.888 
- 9.818 
-13.494 
-13 .. 420 
-16.223 
-16.129 
-18.016 
-17.973 
-19.301 
-19.219 
c.d 
ｾ＠
mo1.dm- 3 
1.26xio::2 
1.26x1o-2 
-2 2.84x10 
-2 2.84x10 
5.19xl0-2 
5.19x10- 2 
-2 9.49x10 
-2 9.49x10 
-2 14.73xl0 
-2 14.73x10 
-2 19.72xl0 
-2 19.72x10 
-2 29.57xl0 
-2 29.57x10 
C e 
e 
mol.dm- 3 
1.10x10-2 · 
-2 1.10xl0 
-2 2.54x10 
-2 2.54x10 
-2 4.76x10 
-2 4.73x10 
-2 8.86x10 
8.84x10- 2 
-2 13.97x10 
-2 13.97x10 
-2 18.87x10 
-2 18.85x10 
-2 28.67x10 
-2 28.64x10 
f 
C_¢DB18C6 
2.40xlo-4 
-4 2.45x10 
-4 4.97x10 
-4 4.53xl0 
-4 6.69x10 
-4 6.66x10 
-4 9.15x10 
9.12xl0-4 
1.10x10-3 
-3 1.10xl0 
1.21x10-3 
1.21x10-3 
1.30x10- 3 
1.31x10-3 
,6Hg 
-1 Kca1.mo1 
-14.94 
-14.82 
-14.81 
-14.93 
-14.78 
-14.74 
-14.75 
-14.71 
-14.75 
-14.66 
-14.89 
-14.85 
-14.73 
-14.78 
N 
N 
....... 
Table 3.43 Enthalpy change for the extraction of KI by ｾｄｂＳＱｃＶ＠ from water at 298K. 
Weight of 
resin (g) 
0.34549 
0.32530 
0.33726 
0.33287 
0.33791 
0.33780 
0.33907 
0.34598 
0.32820 
0.33727 
a 
QR -1 
cal.g 
-13.100 
-13.157 
-15.334 
-15.467 
-19.112 
-19.118 
-21.342 
-21.380 
-23.322 
-23.421 
h· -1 Q1 = -8.660ca1.g 
b 
6Hdil -1 
ca1.mo1 
-19.0 
-18.1 
-22.5 
-22.5 
-28.3 
-28.3 
-30.8 
-30.8 
-31.6 
-32.3 
a,b,c,d,e,f,g,h see page 237. 
c 
QN -1 
ca1.g 
- 4.434 
- 4.491 
- 6.763 
- 6.796 
-10.429 
-10.435 
-12.652 
-12.690 
-14.661 
-14.725 
c d 
i 
mol.dm-3 
-2 2.78x10 
-2 2.78x10 
-2 5.06xl0 
5.06x10- 2 
-2 9.92xl0 
9.92xl0- 2 
-2 14.89x10 
-2 14.89xl0 
-2 20.49xl0 
-2 20.49x10 
C e 
e 
mol. dm -3 
-2 2.55x10 
-2 2.56x10 
-2 4.72x10 
-2 4.72x10 
-2 9.39xl0 
-2 9.39x10 
-2 14.24x10 
14.23x10- 2 
-2 19.77x10 
19.74x10-2 
' f 
CjDB18C6 
3.36x10- 4 
3.41x10-4 
-4 5.09xl0 
-4 5.16x10 
-4 7.92x10 
7.92x10-4 
9 .. 68x10- 4 
9.63xl0-4 
1.11xl0-3 
-3 1.12x10 
AHg 
-1 Kcal.rno1 
-13.20 
-13.17 
-13.29 
-13.17 
-13.17 
-13.17 
-13.07 
-13.18 
-13.21 
-13.15 
N 
N 
00 
Table 3.44 Enthalpy change for the extraction of KBr by ｾｄｂＳＱｃＶ＠ from water at 298K. 
Weight of 
resin (g) 
0.32299 
0.32125 
0.31547 
0.31727 
0.32386 
0.33719 
0.31423 
0.31403 
0.32176 
0.32865 
0.32980 
a 
QR -1 
ca1.g 
-11.635 
-11.625 
-13.111 
-13.060 
-15.229 
-15.349 
-16.673 
-16.646 
-18.698 
-18.653 
-20.511 
h Q1 = -9.162cal.g 
-1 
b [lHdil _1 cal.mo1 
-15.8 
-15.8 
-19.4 
-18.8 
-24.4 
-24.8 
-26.4 
-26.4 
-30.0 
-30.0 
-33.3 
a,b,c,d,e,f,g,h see page 237. 
c 
QN -1 
ca1.g 
- 2.469 
- 2.459 
- 3.941 
- 3.891 
- 6.052 
- 6.172 
- 7.491 
- 7.464 
- 9.508 
- 9.463 
-11.311 
c d 
i 
mol.dm -3 
5.38x10 -2 
5.38x10 -2 
9.97x10 -2 
9.97x10 -2 
19.63xl0 -2 
19.63x10 -2 
29.43x10 -2 
29.43x10 -2 
51.18x10 -2 
51.18x10- 2 
75.34x10 -2 
C e 
e 
mol. dm -3 
5.22x10 
5.22x10 
9 .. 73x10 
9.73xl0 
19.24x10 
19.22x10 
28.96x10 
28.97x10 
50.57x10 
50.57x10 
74.60x10 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-4 
-2 
-2 
f ｾｄｂＱＸｃＶ＠
2.50x10 -4 
2.51x10 -4 
3.84x10 -4 
3.82x10 -4 
6.08x10 -4 
6 .. 14x10 -4 
7.55xl0 -4 
7.39x10-4 
9.57x10 -4 
9.37x10 -4 
1.13xl0 -3 
ｾｈｧ＠
-1 Kcal.mol 
- 9.88 
- 9.80 
-10.26 
-10.19 
- 9.95 
-10.05 
- 9.92 
-10.10 
- 9.93 
-10.10 
-10.01 
N 
N 
\.0 
Table 3.'4'5 Enthalpy change for the extraction of KCl by pDB31C6 from water at 298K. 
Weight of Q a LlHdil b Q c c.d C e f 
CjDB18C6 AHg resin (g) R -1 -1 N -1 ｾ＠ -3 e -3 -1 cal.g cal.mol cal.g mo1.dm mo1.dm Kcal.mol 
0.33628 - 9.126 - 8.3 -0 .. 463 2.73xl0 -2 2.69xl0 -2 6.00x10 -5 
-7.75 
0.33831 
-10.703 -17.3 -2.038 9.88x10 -2 9.70xl0 -2 2.69x10 -4 
-7.58 
0.33730 -10.635 -16.3 
-1 .. 971 9. 8·8xl0 -2 9.7lxl0 -2 2.54xl0 -4 
-7.76 
0.34616 
-12.459 -24.3 -3.787 -2 -2 -4 
-7 .. 43 20.00x10 19.65x10 5.10xl0 
0.34301 -12.617 -24.3 -3.944 -2 -2 -4 
-7.66 N 20.00xl0 19.65xl0 5.15xl0 w 
0 
0.34286 -14.463 -29.9 -5.780 -2 -2 -4 
-7.55 38.llxl0 37.59xl0 7.66x10 
0.33132 
-14.549 -29.2 -5.867 38.11xl0 -2 37.6lxl0-2 7.62xl0 -4 
-7.70 
Q1 = -8.660cal.g -1 
a,b,c,d,e,f,g,h see page 237. 
Table -3.:46 Enthalpy change for. the . extraction of KPi by jnB31C6 from water at 298K. 
Weight of Q a Q b c.e c d 
CjDB18C6 e 
iJHf 
resin (g) R -1 N -1 ｾ＠ -3 e -3 -1 cal.g ca1.g mo1.dm moi.dm Kca1.mo1 
0.31584 
-11.822 -1.639 -3 -4 -4 
-11.38 1 .. 13x10 2.30x10 1.44x10 
0.31930 
-13.833 
-3.650 2.61x10 -3 5.75x10 -4 3.22x10 -4 
-11.33 
0.30862 
-13.754 
-3.571 -4 -4 -4 
-11.34 2.61x10 6.85x10 3o15x10 
0.32364 
-17.201 
-7.018 5.38xl0 -3 1.42x10 -3 6.18x10 -4 
-11.35 
-3 1.57x10-3 -4 N 0.30892 -17.246 -7.063 
-11.34 w 5.38x10 6.23x10 1-' 
0.30083 
-19.439 
-9.256 7.79xl0- 3 2.93x10 -3 8.15x10 -4 
-11.36 
0.29209 
-19.682 
-9.499 7.79x10- 3 2.95x10- 3 8.36xl0 -4 
-11.36 
Q1g = -10.183cal.g 
-1 
a,b,c,d,e,f,g,h see page 238. 
Table 3r47 Enthalpy change for the extraction of NaSCN ｢ｹｾｄｂＳＱｃＶ＠ from water at 298K. 
Weight of 
resin (g) 
0.33799 
0.31760 
0.31210 
0.32290 
0.31814 
0.31851 
0.31348 
0.31673 
0.31586 
0.32231 
0.33196 
0.32477 
a 
QR -1 
ca1.g 
-12.322 
-14.177 
-15.763 
-15.834 
-18.438 
-18.499 
-20.478 
-20.243 
-21.965 
-21.845 
-25.605 
ｾＲＵＮＷＴＲ＠
h -1 Q1 = -10.380cal.g 
b 
,6Hdi1 _
1 ca1.mo1 
-13.3 
-17.4 
-21.0 
-21.8 
-24.7 
-24.7 
-27.1 
-27.1 
-29.3 
-29.3 
-32.3 
-32.3 
a,b,c,d,e,f,g,h see page 237. 
c 
QN -1 
cal.g 
- 1.940 
- 3.792 
- 5.374 
- 5.445 
- 8.043 
- 8.104 
-10.077 
- 9.842 
-11.558 
-11.439 
-15.188 
-15.324 
c.d 
ｾ＠ -3 
mol.dm 
1.37x10- 2 
2.78x10- 2 
4.93x10- 2 
-2 4.93xl0 
10.55x10-2 
-2 10.55x10 
15.20x10-2 
15.20x10-2 
20.26xl0- 2 
20.26x10- 2 
47.28x1o- 2 
-2 47.28xl0 
C e 
e -3 
mol. drn 
-2 1.27xl0 
-2 2.60xl0 
-4.67xl0 
4.66xl0- 2 
-2 10.16xl0 
-2 10.16x10 
14.72x10-2 
-2 14.73x10 
19.71xl0-2 
19.70x10-2 
46.5lxlo- 2 
46.53xl0- 2 
f 
1PnB18C6 
1.49xl0-4 
2.86xl0-4 
4.21xl0- 4 
4.22xl0-4 
6.19xl0-4 
6.18x10-4 
7.73xl0-4 
7.49xl0-4 
-4 8.79xl0 
8.77xl0-4 
1.17xl0-4 
1.17xl0-3 
LlHg 
- -1 Kca1.mo1 
-13.02 
-13.26 
-12.76 
-12.90 
-12.99 
-13.11 
-13.04 
-13.14 
-13.15 
-13.04 
-12.98 
-13.10 
N 
w 
N 
Table 3.-4'8 Enthalpy change for the extraction of Nai by JDB31C6 from water at 298K. 
Weight of 
resin (g) 
0.41554 
0.37936 
0.39343 
0.38693 
0.39139 
0.39519 
0.37795 
0.37977 
0.39746 
0.39518 
0.39360 
0.37133 
a 
QR· -1 
cal.g 
-10.193 
-10.175 
-11.413 
-11.461 
-12.766 
-12.904 
-15.000 
-15.070 
-17.745 
-17.919 
-21.173 
-21.193 
Q h 
I -9.444ca1.g 
-1 
b 
6,Hdi1 _
1 
ca1.mol 
-10.8 
-10.0 
-14.8 
-14.8 
-18.6 
-19.4 
-24.0 
-24.0 
-30.5 
-30.5 
-34.1 
-33.4 
a,b,c,d,e,f,g,h see page 237. 
c 
QN -1 
ca1.g 
- 0.748 
- 0.730 
- 1.967 
- 2.014 
- 3.317 
- 3.454 
- 5.544 
- 5.614 
- 8.279 
- 8.453 
-11.694 
-11.715 
c.d 
ｾ＠ -3 
mol. dm 
1.04xl0- 2 
-2 1.04x10 
-2 2.47x10 
-2 2.47x10 
-2 5.91x10 
-2 5.9lx10 
-2 10.80x10 
-2 10.80x10 
-2 21.09x10 
-2 21.09x10 
-2 53.45xl0 
53.45x10- 2 
C e 
e -3 
mol .dm 
9.86x10- 3 
9.92x10- 3 
-2 2.34x10 
-2 2.34xl0 
5.69xl0- 2 
-2 5.68x10 
-2 10.44x10 
-2 10.43x10 
-2 20.52x10 
-2 20.52x10 
-2 52.65x10 
-2 52.69x10 
f 
CjDB18C6 
6.56x10-S 
r ' -5 6.39x10 
-4 1.67x10 
1.70x10-4 
2.84x10-4 
2.94x10- 4 
-4 4.81x10 
-4 4.92x10 
-4 7.24x10 
-4 7.28x10 
1.03x10-3 
1.03x10-3 
· ··--·--- -- - -- · -
--- --- -
AHg 
-1 Kca1.mo1 
-11.40 
-11.42 
-11.78 
-11.85 
-11.68 
-11.75 
-11.53 
-11.41 
-11.43 
-11.61 
-11.35 
-11.37 
N 
w 
w 
Table 3.49 Enthalpy change for the extraction of Nari by jDB31C6 from water at 298K. 
Weight of Q a Q b c.c c d 
ｾｄｂＱＸｃＶ＠ e dHf resin (g) R -1 N -1 ｾ＠ -3 e -3 -1 cal.g cal.g mol. dm mol odm Kcal.mol 
0.32574 
-12.981 -2.601 -3 -3 -4 
-10.04 3.12x10 1.45xl0 2.59x10 
0.32514 -12.896 -2.516 3.12x10- 3 1.51x10 -3 2.50x10 -4 
-10.06 
0.32116 -14.178 -3.797 4.84x10- 3 2.45x10 -3 3.76x10 -4 
-10.10 
0.32915 -14.165 -3.785 -3 -3 -4 
-10.12 4.84x10 2.40x10 3.74x10 
0.31789 -16.115 -5.735 -3 --3 -4 
-10.11 N 7.90x10 4.33xl0 5.67x10 w 
+--
0.31535 -16.144 -5.764 -3 -3 -4 
-10.11 7.90x10 4.34x10 5.70xl0 
0.32875 -17.143 -6.763 -3 -3 -4 
-10.12 10.04x10 5.69x10 6.68x10 
0.32178 -17.037 -6.657 10.04x10- 3 5.84x10 -3 6.59x10 -4 
-10.10 
0.34022 -18.207 -7.827 14.64x10 -3 9.42x10- 3 7.75xl0 -4 
-10.10 
0.32332 -18.205 -7.825 14.64x10 -3 9.69x10 -3 7.73x10 -4 
-10.12 
Q1g= -10.380ca1.g -1 
a,b,c,d,e,f,g,h see page 238. 
Table 3.50 Enthalpy change for the extraction of Rbi byjDB31C6 from water at 298K. 
Weight of 
resin (g) 
0.35725 
0.35971 
0.36129 
0.37922 
0.33840 
0.35636 
0.35357 
0.39319 
0.29129 
a 
QR -1 
ca1.g 
-10.069 
-10.022 
-11.779 
-11.864 
-13.263 
-13.369 
-16.847 
-16.892 
-20.458 
h -1 Q1 = -8.965ca1.g 
b 
6Hdil -1 
ca1.mol 
-10.8 
-10.8 
-16.3 
-16.7 
-19.7 
-20.1 
-25.2 
-25.8 
-27.1 
a,b,c,d,e,f,9,h see page 237. 
c 
QN -1 
ca1.g 
- 1.103 
- 1.056 
- 2.810 
- 2.895 
- 4.290 
- 4.396 
- 7.863 
- 7.909 
-11.464 
c.d 
ｾ＠ -3 
mol.dm 
2.94xl0- 2 
2.94xl0- 2 
-2 5.24xl0 
-2 5.24x10 
-2 8.03x10 
8.03x10- 2 
-2 19.67xl0 
-2 19.67x10 
29.04x10- 2 
C e 
e -3 
mo1.dm 
2.87x10- 21 
-2 2.87x10 
-2 5.06x10 
5.04x10- 2 
-2 7.77x10 
-2 7.75x10 
-2 19.17x10 
-2 19.17x10 
28.44X10- 2 
f 
'jnB18C6 
9.89x10-S 
9.82x10-S 
-4 2.51x10 
2.66xl0-4 
-4 3.88x10 
-4 3.97x10 
-4 7.14x10 
-4 7.19x10 
-3 1.04x10 
AHg 
-1 Kca1.mo1 
-11.15 
-10.75 
-11.19 
-10.88 
-11.06 
-11.07 
-11.01 
-11.00 
-11.02 
N 
w 
l.n 
Table 3. 51 Enthalpy change for the extraction of Csi by jDB31C6 from water at 298K. 
W_eight of 
resin (g) 
0.30892 
0.37877 
0.34008 
0.30538 
0.30910 
0.29542 
0.30354 
0.30734 
0.31238 
a 
QR -1 
cal.g 
- 9.667 
-10.628 
-10.531 
-12.439 
-12.285 
-13.377 
-13.386 
-14.542 
-14.599 
h -1 Q1 = -8.965cal.g 
[';Hdil b -1 
ca1.mol 
-10.3 
-15.7 
-14.8 
-20.5 
-20.5 
-22.1 
-22.1 
-24.9 
-24.9 
a,b,c,d,e,f,g,h see page 237. 
c 
QN -1 
cal.g 
-0.701 
-1.659 
-1.563 
-3.464 
-3.310 
-4.398 
-4.407 
-5.556 
-5.614 
c d 
i 
mol. dm -3 
-2 2.6lxl0 
S.Olxl0- 2 
S.Olxl0- 2 
-2 14.78xl0 
-2 14.78x10 
-2 19.67xl0 
-2 19.67xl0 
-2 29.27xl0 
-2 29.27xl0 
C e 
e 
mol. dm -3 
-2 2.55x10 
-2 4.84xl0 
-2 4 .. 86xl0 
-2 14.48xl0 
-2 14.49xl0 
19.3lxlo-2 
-2 19.30xl0 
-2 28.78xl0 
-2 28.77xl0 
f 
CJPDB18C6 
-5 9.80xl0 
2.27xl0-4 
-4 2.23xl0 
-4 4.96xl0 
4.74x10- 4 
-4 6.15xl0 
. -4 6.15x10 
-4 8.05x10 
-4 8.08xl0 
[).Hg 
-1 Kcal.mol 
-7.15 
-7.31 
-7.01 
-6.98 
-6.98 
-7.15 
-7.17 
-6.90 
-6.95 
N 
w 
0\ 
a QR is the notation used to indicate the observed heat of reaction 
b ｾ､ｩｬ＠ is the notation used to indicate the enthalpy change due to dilution as obtained from 
1 . 1 146 ｾｴ･ｲ｡ｴｵｲ･＠ va ues. 
c QN is the notation used to indicate the net heat of reaction as obtained after correction for 
the heat of immersion of the re·sin CQ1 > and heat of dilution of the electrolyte solution (Q0 ) 
d C. is the notation used to indicate the initial molar concentration of the electrolyte ｾ＠
solution as determined by analysis 
e C is the notation used to indicate the equilibrium molar concentration of the electrolyte e 
£ 
solution as determined by analysis 
CJDB18C6 is the notation used to indicate the amount of electrolyte in the resin phase in 
mol.g-l of dry resin as calculated from equation ＳｾＳ［Ｔｾ｜＠
g6H is the notation used to indicate the enthalpy change for the process of extraction 
as determined from the ratio between QN and CjDBlBC6 
h Q1 is the notation used to indicate the heat due to the immersion of the resin in water 
N 
LV 
'-J 
a QR is the notation used to indicate the observed heat of reaction 
b QN is the notation used to indicate the net heat of reaction as obtained after correction for 
the heat of immersion of the resin (Q1 ) and heat of dilution of the electrolyte solution (QD) 
c C. is the notation used to indicate the initial molar concentration of the electrolyte ｾ＠
solution as determined by analysis 
d C is the notation used to indicate the equilibrium molar concentration of the electrolyte e 
solution as determined by analysis 
e CgDBlBC6 is the notation used to indicate the amount of electrolyte in the resin phase in 
rnol.g-l of dry resin as calculated from equation 
f ｾｈ＠ is the notation used to indicate the enthalpy change for the process of extraction 
as determined from the ratio between QN and ｾｄｂＱＸｃＶ＠
g Q1 is the notation used to indicate the heat due to the immersion of the resin in water 
N 
w 
00 
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reaction (QN) corrected for heat of immersion of the resin 
in water and heat of dilution of the electrolyte solution 
from concentration c1 to concentration c2 was plotted versus 
the number of moles uptaken per gram of dry resin ＨｃｾｄｂｬｂｃｾＩ＠
(Figs. 3.12 - 3.14) according to the equation 
(3.4.3) 
where P is the concentration at which cgnB18C6 moles were 
uptaken per gram of dry resin. 
In order to ensure that the corrections due to heat of 
immersion applied to the gross heat of reaction due to the 
extraction of 1:1 electrolytes by the resin from their 
aqueous solutions were correct, a few runs were carried out 
by using titration calorimetry. Electrolytes such as potas-
sium thiocyanate, potassium iodide and potassium bromide 
were used. The burette was filled with a concentrated solu-
tion of the required electrolyte. This solution was added 
into the vessel containing an accurately weighed amount of 
resin immersed in a volume of water (50cm3 ). Corrections 
for the heat due to dilution of the electrolyte solution 
when a concentrated solution of the electrolyte was added to 
3 50crn of the solvent were applied. Table 3.52 shows the 
results obtained by titration calorimetry for potassium 
thiocyanate, potassium iodide and potassium bromide at 298K. 
Table 3.52 Enthalpy change for the reaction between ffiDB18C6 and aqueous solutions of 
KSCN, KI, and KBr obtained by titration calorimetry at 298K. 
QH 0 b c.d C e ｾｈｧ＠Electro- Weight of Q a Q c 
C_¢DB18C6 
f 
R -1 2 N -1 ｾ＠ -3 e -3 
-1 lyte resin (g) cal.g cal. cal.g mol.dm mol.dm Kcal.mol 
KSCN 0.50067 -2.039 +2.865 -7.761 4.4lxl0 -2 3.87xl0 -2 5.5lxl0 -4 -14.09 
0.49751 -2.072 +2.865 -7.831 4.41x10 -2 3.87x10 -2 5.54x10 -4 -14.13 
KI 0.49928 -0.330 +2.815 -5.969 5.78xl0 -2 5.33xl0 -2 4.6lx10 -4 -12.95 
-2 -2 -4 N 0.49983 -0.464 +2.815 -6.096 5.78xl0 5.33x10 4.61x10 -13.22 .p-. 0 
I 
KBr 0.50446 +2.963 +2,869 -2.724 10.46xl0 -2 10.20xl0 -2 2.70xl0 -4 -10.09 
0.50088 +3.075 +2.869 -2.653 10.46xl0 -2 10.2lxl0 -2 2.62xl0 -4 -10.13 
a,b,c,d,e,f,g see page 241. 
a QR 
b QH20 
c QN 
d c. 
1. 
is the notation used to indicate the observed heat of reaction. 
is the notation used to indicate the heat due to the interaction between the electro-
ｾ＠
lyte solution and pure water. 
is the notation used to indicate the net heat of reaction as .- obtaianed ｡ｦｴｾｲ＠ correction 
for heat of dilution of the electrolyte soln. (QH 0 ). 2 
is the notation used to indicate the initial molar concentration of the electrolyte 
solution as determined by analysis. 
e C is the notation used to indicate the equilibrium molar concentration of the electro-
e 
f 
lyte solution as determined by analysiso 
ｃｾｄｂＱＸｃＶ＠ is the notation used to indicate the amount of electrolyte in the resin phase 
in mol.g-l of dry resin as calculated from equation 
g ｾｈ＠ is the notation used to indicate the enthalpy change for the process of extraction 
as determined from the ratio between QN and ｃｾｄｂｬｂｃ Ｖ •＠
N 
ｾ＠
I--' 
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It can be seen from this table that an excellent agreement 
between the results obtained by the two methods is obtained. 
Titration calorimetry was a tedious method for the determina-
tion of the heat involved when a certain amount of electrolyte 
was added to the reaction vessel containing the resin 
immersed in water due to the corrections to be applied for 
dilution effects. The heat of dilution of the electrolyte 
solution in water were positive (endothermic) and in some 
cases its absolute value is of about the same order of 
magnitude as. that for the reaction studied. Thus, the analy-
sis of the thermogram in a few cases could not be done. 
Hence, most heat measurements were carried out by the use of 
ampoules as described in section 2.Y.Z: .. .Jia':- , 
It was found that when the total heat of reaction, 
corrected only for heat of dilution for the electrolyte 
solution from initial concentration to the equilibrium con-
centration was plotted as a function of the moles of electro-
lyte uptaken per gram of dry resin, a linear relationship 
was obtained. The intercept of this line to zero concentra-
tion, corresponds to that for the heat of immersion of the 
resin as determined by independent measurements. The slope 
is exactly the same as that obtained when the heats corrected 
for dilution and immersion (QN) were plotted. The heat of 
immersion of the resin in water can then be evaluated from 
the intercept of the plot of heats corrected only for dilution 
versus moles uptaken per gram of dry resin (CjDBlSC 6 ). 
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From Tables 3.42 to 3.51 it can be seen that in all cases, 
the reactions due to the extraction of 1:1 electrolytes from 
water by ｾ＠ dibenzo-18-crown-6 at 298 .15K are strongly exo-
thermic. This is expected considering that the enthalpy 
change value reflects mainly the binding between the cation 
and donor atom of· the polyether ring. Also, it will include 
the association of the alkali-metal ion with the anion in the 
resin phase. It is important to point out that the enthalpy 
Ｍ Ａ｣ｨ｡ｮｧｾｶ｡ｬｵ･ｳ＠ reported in this thesis are only apparent values. 
When the heats of reaction for 1:1 electrolytes with a 
common cation (potassium and sodium) and different anions 
are considered it can be seen in Figs. 3.12 and 3.13 that 
the slopes ＨｾｈＧ＠ ) become more negative;in the order Cl-< ex 
Br-<I-<SCN-. This is in line with the general trend observed 
for the single ion standard enthalpy of transfer for the 
anions from water to non-aqueous solvents (Ph4AsjPh4B conven-
. ) Ａｦｬ｣Ｖｾ＠ I · · . h h d . ff ｴｾｯｮ＠ . t ｾｳ＠ ｾｮｴ･ｲ･ｳｴｾｮｧ＠ to note t at t e ｾ＠ erences 
between the enthalpy of extraction of potassium thiocyanate 
and that of potassium iodide (-1.62Kcal.mol- 1 ) are,within 
the experimental error, of the same order of magnitude as 
the differences found between corresponding values for sodium 
thiocyanate and iodide (-1.69Kcal.mol- 1 ). The same occurs when 
the enthalpy of extraction of potassium iodide and potassium 
picrate (-3.39Kcal.mol-l) are compared with corresponding 
differences for sodium thiocyanate and sodium picrate 
-1 (-2.93Kcal.mol ) . Obviously, these differences are due to 
the transfer. of the different anions from the aqueous 
to the resin phase. 
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Fig. 3.12 Plots of QN against ｃｾｄｂｬｓｃ Ｖ＠ for the 
reactions between aqueous solutions of 
potassium salts and pDB18C6 at 298K. 
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Fig. 3.13 Plots of QN against ｃｾｄｂ ＱＸ ｃ Ｖ＠ for the reactions 
between aqueous solutions of sodium salts and 
ｾｄｂＱＸｃＶ＠ at 298K. 
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In Fig. 3.14 the net heats of reaction (QN) corrected 
for the heat of immersion of the resin in water (as obtained 
by independent measurements) and heat of dilution of the 
electrolyte solution for 1:1 electrolytes having a common 
anion (iodide) and different alkali-metal ions are plotted 
against the number of moles uptaken per gram of dry resin 
Ｈｃｾｄｂｬｓｃ Ｖ ＩＮ＠ The apparent enthalpy change of reaction for 
the extraction of 1:1 electrolytes by the resin from their 
aqueous solutions as represented by the slopes of these 
straight lines seems to indicate that the exothermic character 
of the reaction decreases in the order K+>Na+NRb+>Cs+. 
The reaction is enthalpically more favoured ( ｾｈｾｸ＠ more 
negative) for the potassium ion, which fits best into the 
macrocyclic cavity. The exothermic character of the reaction 
decreases for rubidium, caesium and sodium since the two 
former cations are too large to sit in the cavity while the 
latter one is too small an ion and probably it does not 
coordinate with all the donor atoms of the polyether cavity. 
There are few data available in the literature for the enthal-
py of complexing of dibenzo-18-crown-6 with alkali-metal 
cations. However, enthalpy of complexing as determined for 
sodium and potassium with dibenzo-18-crown-6 in methanol 
(Table 3.53) shows · that the more negative value corresponds 
to that cation which best fit in the ring cavity of the 
macrocyclic compound which is in line with the results 
obtained in this work. 
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Table 3.53 Thermodynamic parameters for the complexation of 
sodium and potassium with dibenzo-18-crown-6 in 
methanol at 298K. 
Cation 
o a 
ClG 
-1 Kcal.mol 
-5.94 
-6.82 
a from ref. 29 
b from ref. 161 
-1 Kcal.mol 
-7.48 
-9.58 
c value ｣ＺＺＮｾｬ｣ＮｶｬＮＺ｡Ｌｴ･ Ｎ ､＠ in this work. 
-1 -1 cal.mol K 
-5.17 
-9.26 
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Fig. 3.14 Plots of QN against CbDBlSC6 for the reactions 
between aqueous solutions of ｡Ｑｫ｡ｬｩＭｭ･ｾ｡ｬ＠
iodides and ffiDB18C6 at 298K. 
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0 Nai 
-=:I Csi 
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Enthalpy of extraction for alkali-metal cations (sodium, 
potassium and caesium) were determined by Kimura et a1. 124 
(Table 3.54). These workers have reported the parameters 
for .extraction of these alkali-metal salts from their 
aqueous solutions by using bis(crown ethers) (bis(benzo: 
15-crown-6) and bis(benzo-18-crown-6)) trans and cis form 
dissolved in chloroform (see section 1.8 for description of 
bis(crown ethers)). Among the cis-bis(crown ethers) it is 
seen in Table 3.54 that the enthalpy change is more negative 
for the cation that best fit in the cavity (sodium for 
bis.( benzo-15-crown- 5) and potassium for bis(benzo-18-
crown-6) 1 but for the trans-bis(crown ethers)/ the enthalpy 
change value is either less negative (sodium for trans-
bis(benzo-15-crown-5)) or only slightly more negative 
(potassium for trans-bis(benzo-18-crown-6)) for the cation 
that best fit in the cavity. This is apparently a result 
of the stoichiometry of the complexes formed. Cis-bis(crown 
ethers) form intramolecular 2:1 crown ether unit/cation 
complexes with cations larger than the cavity size, whereas 
trans-bis(crown ethers) can only form 1:1 crown ether unit/ 
cation complexes. 
The selectivity of the resin towards the different cation 
anion. combinations seems to be reflected in the correspond-
ing apparent enthalpy change values. In fact, a correla-
tion is found when apparent enthalpy changes <6H' ) are 
ex 
plotted as a function of the effective capacities of the resin 
Table 3.54 Thermodynamic parameters for the extraction of alkali-metal cations by ｂｩＳＨ｢･ｾｺｯＭ
15-crown-5)cis(I) and trans(II) and bis(benzo-18-crown-6)cis(III) and trans(IV) 
dissolved in chloroform from their aqueous solutions at 298K. 124 
Bis(benzo-15-
crown-5) 
I 
II 
Bis(benzo-18-
crown-6) 
III 
IV 
+ 
------------ Na -----------
0 
6_G 
Kcal.mol- 1 
-4.27 
-4.20 
0 
6_H 
-1 Kcal.mol 
-7.74 
-7.80 
+ 
0 
6_S 
cal.mol-1K-1 
-11.6 
-12.1 
------------ K 
-------------
0 0 0 /1G 6H [1s 
-7.20 
-16.0 
-29.5 
-7.09 
-16.1 
-30.2 
+ 
------------- K -----------
0 
b..G 
-1 Kcal.mol 
-5.77 
-3.49 
0 
L\H 
-1 Kcal.mol 
-6.18 
-9.02 
0 
Lis 
-1 -1 cal.mol K 
-1.38 
-18.6 
+ 
----------- Cs ----------
0 0 0 6.G ｾｈ＠ /lS 
-6.57 -11.0 
-14.9 
-5.14 
-15.3 
-34.1 
N 
V1 
0 
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for the different 1:1 electrolytes (see Fig. 3.15). This 
correlation could be extremely useful to obtain the effective 
capacities of the resin towards electrolytes from correspond-
ing enthalpy data. High. electrolyte concentrations are 
required in water to reach that capacity . Large errors -
could be introduced in the analytical methods, since a 
relatively small difference is measured between two large 
concentrations. 
Table 3.55 shows the apparent enthalpy change values 
for the extraction of 1:1 electrolytes from an aqueous solu-
tion by ffidibenzo-18-crown-6 at 298.15K as obtained from the 
slopes of Fig. 3.13 and 3.14. The uncertainties are 
expressed as standard deviations of the mean as determined 
from the values shown in Tables 3.42 to 3.51. Also included 
in this table are the corrected equilibrium constant for the 
extraction (log K' ) of 1:1 electrolytes by the resin from 
ex 
their aqueous solutions expressed as the average value as 
obtained from the data reported (see Table 3.25 to 3.34) with 
the uncertainties expressed as the standard deviation of 
the mean. The apparent free energy of extraction as calcu-
lated from the expression 
LlG' = -RTln K' 
ex ex 
(3.4.5) 
-1 -1 
where R and T are the universal gas constant (cal.mol K ) 
and the working temperature ＨｋＩｾ＠ ｲ･ｳｰ･｣ｴｩｶ･Ａｾ＠ is also reported. 
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Fig. 3.15 Plot of apparent enthalpy change versus 
effective capacity of ｾｄｂＱＸｃＶＮ＠
ｾｃｳｩ＠
2 4 6 8 10 12 14 
4 -1 Effective capacity (CE) x10 (mol.g ) 
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Table 3.55 Apparent thermodynamic parameters for the extrac-
tion of alkali-metal salts by ｾｄｂＱＸｃＶ＠ from water at 298K. 
Electrolyte log K'ex Ｖｇｾｸ＠ L\ ｈｾＩＨ＠ ｦＩＮｓｾｸ＠
-1 -1 -1 -1 Kca1.mo1 Kca1.mo1 ca1.mol K 
KSCN 2.65±0.05 -3.61 -14.75±0.08 -37.4 
KI 2.52±0.09 -3.43 -13.13±0.05 -32.5 
KBr 1.89±0.05 -2.58 -10.01±0.14 -24.9 
KCl 1.65±0.05 -2.25 -7.59±0.12 -17.9 
KPi 5.84±0.05 -7.96 -11.36±0.02 -11.4 
NaSCN 2.14±0.02 -2.92 -13.06±0.13 -34.0 
Nai 2.01±0.02 -2.74 -11.37±0.18 -28.9 
NaPi 4.92±0.03 -6.71 -10.13±0.03 -11.5 
Rbi 1.98±0.07 -2.70 -11.02±0.13 -27.9 
Csi 2.06±0.03 -2.81 -6. 94·±0 .. 13 -13.9 
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The apparent value for entropy chages ＨｾＧ＠ ) for 
ex 
process 3.3.1, as calculated from the relationship 
ｾｇＧ＠ =6H' - ｔｾＧ＠ex ex ex (3.4.6) 
for the different 1:1 electrolytes and ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶＯ＠
water system are also included in Table 3.55. The apparent 
entropy values obtained are negative , as expected from the 
substantial loss in entropy when the cation ·becomes bound to 
the polyether oxygen atoms of the ligand. The anion 
goes simultaneously. Also the anions lose in translational 
entropy when passing from a medium (solvent) where they are 
completely dissociated to a medium (resin) where they are 
supposed to be associated and trapped in the polyether matrix. 
Among the potassium saltsiit is found that the negative 
value for the apparent entropy change decreases in the order 
SCN->I->Br->Cl->Pi. This trend for the anions (except for 
picrate) reflects again the trend found for ｳｩｮｧｬ･ｾｩｯｮｳ＠
standard entropy of transfer for the anions from water to 
non-aqueous solvents (methanol, N,N-dimethylformamide, ace-
tonitrile, propylene carbonate) (Ph4As/Ph4B convention). 
The translational entropy lost by picrate may be much less 
than that lost by smaller anions such as thiocyanate, iodide, 
bromide and chloride and hence1 the more positive value for 
the apparent entropy value of extraction ｩｾ＠ ｯ｢ｴ｡ｩｮｾ､Ｎ＠
--------------------
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Comparing 1:1 electrolytes with a common anion (iodide) 
and different cations ; it is seen that the entropy change 
values decrease (become more positive) in the order K+>Na+> 
+ + Rb >Cs . This order could be explained by the size of 
cation/cavity ratio effect. Potassium, being of similar size 
as the cavity can perfectly sit in it producing a more ordered 
structure than sodium, rubidium and caesium. Sodium is too 
small to sit in the cavity whereas rubidium and caesium are 
too large. Thus, probably all coordination sites of the 
ligand are not used and hence losses in entropy by the ligand 
are less than in the case of potassium. 
Entropy of hydration data for the alkali-metal cations 
0 
show that 6sh becomes more positive down the group. Sodium, 
being a small cation, will be more hydrated than potassium 
rubidium and caesium; thus forming a more ordered environ-
ment with the water molecules. In the process of dehydration 
the inverse order will be observed. This is not consistent 
with the trend observed in apparent entropy values reported 
in Table 3.55. These findings could indicate that probably 
the solvation shell of the alkali-metal cations is not 
completely stripped off when entering the resin phase. 
There are few data available in the literature for the 
entropy of complexing of the dibenzo-18-crown-6 and alkali-
metal cations (sodium and potassium). 
29· 
of data on the free energy and 
However, availability 
161 
enthalpy changes 
for these systems in methanol allows the calculation of the 
entropy of complexing. These are shown in Table 3.53. 
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These data are consistent with the apparent values for the 
entropy of extraction for sodium and potassium by ｾ､ｩ｢･ｮｺｯＭ
18-crown-6 found in this work which shows that the maximum 
for the entropy parameter (more negative) corresponds to 
potassium, being the ion that best fit in the polyether 
cavity. The same correlation is found for corresponding data 
for the alkali-metal cations and other crown ethers such 
as 18-crown-632 and dicyclohexyl-18-crown-6 31 , 32 in 
aqueous media. The entropy for complex formation between 
dicyclohexyl-18-crown-6, isomer A (cis-syn-cis) and alkali-
metal cations shows negative maximum values for the rubidium 
cation. Entropy values for potassium and caesium cations are 
of the same order of magnitude but more positive than for 
rubidium with this isomer. This parameter being more positive 
for the complexing between isomer A of ､ｩ｣ｹ｣ｬｯｨ･ｾｹｬＭＱＸＭ｣ｲｯｷｮＭＶ＠
and sodium ions. The entropy values for 18-crown-6 and 
dicyclohexyl-18-crown-6, isomer B, (cis-anti-cis) follows 
the order K+>Cs+>Rb+>Na+ and K+>Rb+>Na+>Cs+, respectively. 
, 
in water. 
More relevant to this work are the entropy values 
reported for the extraction of alkali-metal cations with 
. 124 bis(crown ethers) (Table 3.54). In these systems a more 
negative value for those cations which best fit the. cavity 
size of the polyether has also been found. Close -examination 
of the apparent free energy changes (Table 3.55) values for 
the process of extraction of 1:1 electrolytes by resins 
containing dibenzo-18-crown-6 show that, in general terms, 
·- . .. --- ------. --- -----
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the decrease in free energy observed for these processes 
are mainly due to the contribution of a favourable (negative) 
enthalpy term since the entropy contribution (negative value) 
is unfavourable. It appears that the process of extraction 
of 1:1 electrolytes by ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ from their aqueous 
solutions , , is enthalpically controlled . 
Considering the extraction process as described by 
equations 3.3.1 for two electrolytes containing the same 
cation and two different anions Al and A2 as described by 
M+(aq) + A}Caq) + n ｾｄｂＱＸｃＶ＠ oaii!ii==e.,._ M+(JDB18C6)nAl 
(3.4.7) 
M + ( a q) + A z ( a q ) + n 9 DB 18 C6 Ｔｩｩｩｩｩｩｩ］］ｾｍ＠ + Ｈｾｄｂ＠ 18 C 6 ) n A; 
(3.4.8) 
and provided that no other interaction takes place,the diffe-
rences between the free energy changes between processes 
(3.4.7) and (3.4.8) should reflect the differences in the 
free energies of transfer of the anions from the aqueous to 
the resin phase. Interesting enough, in terms of free energy 
a value of -0.18Kcal.mol-l is obtained when A}=SCN , 
and M+=K+. The same difference is observed for 
the same pair of anions and M+=Na: (see Table 3.55). 
Taking the differences between the iodide and the bromide 
ions (-0.85Kcal.mol-l) and similarly, for iodide and chloride 
(-1.18Kcal.mol-l) the values become more negative in the 
order (SCN - I-) < (I - Br-) < (I - Cl-). These findings 
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are consistent with the values obtained when differences 
between the ｳｩｮｧｬ･ｾｩｯｮ＠ free energy of transfer from water to 
non-aqueous solvents (methanol, propylene carbonate, N,N-
dimethylformamide, acetonitrile) (Ph4As+/Ph4B- convention) 
are considered. 
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3.5 Extraction or partition of urea, thiourea and phenol 
from water by ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ at 298 'K. 
The isolation of a 1: 1 crystalline complex formed 
between dibenzo-18-crown-6 (monomeric form) and thiourea 
was reported by ｐ･､･ｲｳ･ｮｾ ＳＲ＠ This author also reported that 
the solubilibty of dibenzo-18-crown-6 is increased in the 
presence of urea but no crystalline complex was isolated 
with this compound. Blasius and coworkerJ 16 , 117 have also 
reported the separation of urea and thiourea by elution 
chromatography using resins containing dibenzo-30-crown-10. 
Thus, it was considered of interest to study the distribution 
of these compounds between water and resins containing 
dibenzo-18-crown-6 as anchor groups in order to obtain 
some information about the kind of interactions that could 
take place between these compounds and the polyether ring of 
ｴｨ･ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶＮ＠
A 1:1 adduct of thiourea and a linear crown ether was 
1 d b h d S 156 a so reporte y Su an aenger. X-ray crystallogra-
phic studies of this complex indicated that the thiourea 
molecule was hydrogen bonded through NH----0 (ether) with 
all seven oxygen atoms of the ligand, the central atom 
accepting two hydrogen bonds while the other six oxygen atoms 
accept one hydrogen bond each. 
In order to obtain further information about the nature 
of the interaction between thiourea and the ｾ＠ dibenzo-18-
crown-6 it was decided to study the reaction between the 
same resin and an aqueous solution of phenol. 
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The heat associated with the reaction between ｴｨ･ｾ､ｩ｢･ｮＭ
zo-18-crown-6 resin and aqueous solutions of phenol and 
thiourea were also measured calorimetrically. 
Results for the distribution of thiourea and phenol 
between water and ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ obtained using 
expression 3.5.1 are shown in Tables 3.56 and 3.57. 
D (3.5.1) 
where SR is .. the notation used to indicate the amount of the 
organic species in the resin phase as determined from 
where S. 
ｾ＠
and S 
e 
-3 (mg.cm ) 
(S. - S )V 
ｾ＠ e (3.5.2) 
are the notations used to indicate 
the initial and equilibrium amount of the organic species in 
the solution phase. 
WR (g) is the notation used to indicate the amount of resin' 
used. 3 V (em ) 
of solution. 
is the notation used to indicate the volume 
The concentration dependence of the distribution coeffi-
cients for phenol and thiourea at 298K are shown in Fig. 3.16. 
Distribution coefficients for urea between the resin and 
water at 298K are very small. A value of 0.5cm3g-l was 
obtained at O.SM solution concentration which is equivalent to 
an extraction of 3.2xl0- 4mol. of urea per gram of dry resin. 
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Fig. 3.16 The distribution of phenol and thiourea 
0.1 
between ｾｄｂＱＸｃＶ＠ and water at different 
solution concentration at 298K. 
<D Phenol 
• 
Thiourea 
0.2 0.3 0.4 0.5 0.6 
C. (mol.dm- 3 ) 
ｾ＠
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The resin capacity for thiourea and phenol was determined 
by saturating ｾ＠ dibenzo-18-crown-6 with an aqueous solution 
of thiourea and phenol. Capacity values of 2.55xl0- 3 and 
10.14xl0- 3mol.g-l were obtained for thiourea and phenol, 
respectively. These values given are an average of 
at least two determinations. The correlation found between 
the microanalysis data of ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ and the 
capacity value obtained for thiourea seems to suggest that a 
1:1 crown/organic molecule ratio is obtained when aqueous 
solution of thiourea reacts with the resin phase. In the 
case of phenol ,the value obtained for the capacity as deter-
mined by saturation of the resin with an aqueous solution 
of phenol is about four times the total capacity as deter-
mined from ｭｩ｣ｲｯ｡ｮ｡ｬｹｳｩｳｾ＠ This seems to suggest a ＱｾＴ＠
crown/organic molecule ratio when phenol reacts with _if)diben-
zo-18-crown-6. This could explain the higher distribution 
values obtained for phenol (Table 3.57) 
those obtained for thiourea (Table 3.56). 
with respect .to 
The process taking place when thiourea and phenol react 
with the Jdibenzo-18-crown-6 resin may be represented by 
S(aq) + L ＭＮＺＴ］］ｾﾷ＠ SL (3.5.3) 
where barred formulae refers to the resin phase and (aq) 
refers to the aqueous phase. 
------ -· --------------------
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Table 3 Ｎ ｾ ＵＶ＠ Distribution coefficients for thiourea between water 
and ｾ＠ DB18C6 at 298 K. 
Weight of s.a s· b s c Dd 
R -1 3 -1 
resin (g) .l -3 e -3 mg.cm mg.cm mg.g em g 
0.35391 4.02 3.78 34.2 
0.35179 4.02 3.78 34.4 
0.35233 5.59 5.27 45.8 
0.35345 5.59 5.27 45.7 
0.35028 7.43 7.02 59 .. 1 
0.35579 7.43 7.02 58.2 
0.35545 15.84 15.17 95.1 
0.35408 15.84 15.19 92.7 
0.35395 23.52 22.71 114.7 
0.35641 23.52 22.71 113.9 
0.35545 38.89 37.58 186.0 
Oo355Q8 38.89 37 .. 58 186.2 
a s. is the notation used to indicate the initial amount 
ｾ＠
of thiourea in solution as determined by analysis. 
b S is the notation used to indicate the equilibrium 
e 
amount of thiourea in solution as determined by 
analysis. 
9.1 
9.1 
8.7 
8.7 
8.4 
8.3 
6.3 
6.1 
5.1 
5.0 
4.9 
4.9 
c SR is the notation used to indicate the amount of thiourea 
in the resin as calculated from eqn. ＱＮＵＮＲｾ＠
d D is the notation used to indicate the distribution of 
thiourea between the two phases as calculated from 
the ratio between SR and Se. 
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Table Ｍ Ｓｾ＠ §7 Distribution coefficients for phenol between water 
and _g)DB18C6 at 298 K. 
Weight of s.a s b s c Dd 
l. 
-3 , e -3 R -1 3 -1 
resin (g) mg.cm mg. em mg.g cm,g 
0.35978 3.15 2.35 112.2 47.8 
0.36351 3.15 2.33 113.9 48.9 
0.36441 6.31 4.85 202.2 41.7 
0.37347 6.31 4.83 200.0 41.4 
0.36995 11 .. 09 8.81 311.1 35.3 
0.36578 11.09 8.81 314.7 35.7 
0.37999 19.24 15.88 446.4 28.1 
0.37719 19.24 15.88 449.7 28.3 
0.36598 27.85 23.96 536.5 22.4 
0.34870 27.85 24.14 537.1 22.2 
0.36987 38.13 33.66 610.1 18.1 
0.36421 38.13 33.66 619.5 18 .. 4 
0.34655 47.38 42.86 658.4 15. 4"' 
0.34144 47.38 42.79 678.6 15.9 
a S. is the notation used to indicate the initial amount 
l. 
of phenol in solution as determined by analysis. 
b S is the notation used to indicate the equilibrium 
e 
amount of phenol in solution as determined by analysis. 
c SR is the notation used to indicate the amount of phenol 
in the resin phase as calculated from eqn. ﾷ ＳｾＵｾＲＮ＠
d D is the notation used to indicate the distribution of 
phenol between the two phases as calculated from the 
ratio between SR and Se 
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If the mole fraction scale is chosen for the resin phase 
and the molar scale for the solution phase, the rational 
extraction constant for the process 3.5.3 in terms of the 
mass action law treatment may be represented by 
where x(SL) and 
K 
ex 
[1-x(SL)] 
(3.5.4) 
are the notations used to 
indicate the mole fraction of the organic molecule and free 
ligand in the resin phase 9 respectively. 
[S] is the notation used to indicate the molar concentration 
aq 
of the organic molecule in the solution phase. The mole frac-
tion was obtained from the ratio between the equili-
briurn amount of organic molecule (moles) uptaken per gram 
of dry resin Ｈｃｾｄｂｬｓｃ Ｖ Ｉ＠ and the total capacity (CT) as 
determined from microanalysis for the case of thiourea. 
The total capacity used for phenol is an enhanced capacity 
ｷｨｩ｣Ｎｾ＠ value is four times the capacity value as obtained 
from microanalysis (10.28xl0- 3 mol.g - 1 ). 
ｃｾｄｂＱＸｃＶ＠
x ( SL) p. CT 
where p=l for thiourea and p=4 for phenol. 
(3.5.5) 
The rational distribution coefficient (DR) may be 
defined by 
------------------- - ----------
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DR 
x(SL) 
[S]aq (3.5.6) 
Replacing 3.5.6 in 3.5.4 
K 
DR 
ex 
[1-x(SL)] (3.5.7) 
Expression 3.5.7 may be rewritten as 
(3.5.8) 
Taking logarithms on both sides of equation 3.5.8 
(3.5.9) 
From equation 3.5.9 a plot of log DR versus log[l-x(SL)] 
should give a straight line. The intercept of this line 
will give log K and the slope should be equal to unity. 
ex 
Values of log DR were plotted against log[l-x8 _] (Fig. 3.17) ｾ＠
for thiourea and phenol. The log K values as obtained from 
ex 
the plots were 0.63 and 0.72 for thiourea and phenol, 
respectively. Equilibrium constants as represented by 
equation 3.5.4 were also calculated (Tables 3.58-3.59). 
The heat changes associated with the reaction taking 
place when a certain amount of resin was added to an 
ｾｱｵ･ｯｵｳ＠ solution of thiourea or phenol were measured at 
298.15 K using the Tronac 550 as a conventional solution 
calorimeter. The gross heats obtained were corrected for 
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Fig. 3.17 Plots of log D against log[l-x(SL)] 
y mx + b 0. 7. 
2 r =0.999 
0 Phenol m =1.07 0.6 
b =0.72 
Thiourea 2 
.0 r =0 . 998 0.5 
m = 0.87 
b 0.63 0 = 
b..O 
0.4 0 r-i 
0.3 
0.2 
0.1 
-0.5 -0.4 -0 . 3 -0.2 -0.1 
log[l-x(SL)J 
Table 3 .5-B=J Equilibrium constant for the extraction of thiourea by §DB18C6 
from water at 298K. 
Weight of C. a c b 
CfPDB18C6 
c 
- d log Ke ｾ＠ -3 e -3 XA resin (g) mol.dm mol .dm 
0.35391 -2 -2 -4 0.1761 0.63 5.29x10 4.97x10 4.56xl0 
0.35179 -2 -2 -4 0.177.2 0.64 5.29xl0 4.97xl0 4.59x10 
0.35233 -2 -2 -4 0.2324 0.64 7.35xl0 6.93xl0 6.02x10 
0.35345 -2 -2 -4 0.2317 0.64 7.35xl0 6.93xl0 6.00xl0 
-2 
-2 
-4 N 0.35028 9.77x10 9.24xl0 7.64xl0 0.2950 0.65 0"1 
(X) 
0.35579 -2 -2 -4 0.2903 0.65 9.77xl0 9 .. 24xl0 7.52xl0 
0.35545 -2 -2 -3 0.4826 0.67 20.84x10 19.96xl0 1.25x10 
0.35408 -2 -2 -3 0.4672 0.64 20.84xl0 19.99xl0 1.2lx10 
0.35395 -2 -2 -3 0.5907 0 .. 68 30.95x10 29.88x10 1.53xl0 
0.35641 -2 -2 -3 0.5830 0.67 30.95x10 29.88xl0 1.51xl0 
a,b,c,d,e see page 269. 
a C. is the notation used to indicate the initial concentration of the ｾ＠
b c 
e 
thiourea solution as determined by analysis. 
is the notation used to indicate the equilibrium concentration 
of the thiourea solution as determined by analysis. 
c CgDBlBC6 is the notation used to indicate the amount of thiourea in the 
resin phase in mol.g-l of dry resin as calculated from 
d -
XA 
eqn. -3.3'.4. 
is the notation used to indicate the mole fraction of thiourea in 
the resin phase as obtained from eqn. 3.s:s. 
e log K' is the notation used to indicate the logarithm of the equili-ex 
brium constant of extraction K' as obtained from eqn. 3 .. 5 .:4. 
N 
0'1 
\.0 
Table 3.59 Equilibrium constant for the extraction of phenol by jDB18C6 
from water at 298K. 
Weight of c. a c b ｾｄｂＱＸｃＶ＠ c - d log Ke ｾ＠ -3 e -3 XA resin (g) mol.dm mol.dm 
0.35978 3.35xl0 -2 2.50x10 -2 1.19x10 -3 0.1157 0.72 
0.36351 3.35xl0 -2 2.48xl0 -2 1.21xl0 -3 0.1177 0.73 
0.36441 6.70x10 -2 5.15x10 -2 2.15x10 -3 0.2091 0.71 
0.37347 6.70xl0 -2 5.13x10 -2 2.12x10 -3 0.2062 0.70 
0.36995 -2 -2 -3 0.3220 0.71 N 11.79xl0 9 .. 36xl0 3.31x10 
-....J 
-2 -2 -3 0 0.36578 11.79xl0 9 .. 36xl0 3.35x10 0.3259 0.71 
0.37999 20.44xl0 -2 16.87x10 -2 4 .. 74x10 -3 0.4611 0.71 
0.37719 20.44x10 -2 16.87x10 -2 4.78xl0 -3 0.4650 0.71 
0.36598 29.59x10 -2 25.46x10 -2 5 .. 70x10 -3 0.5545 0.69 
0.34870 29.59x10- 2 25.65x10 -2 5.70xl0 -3 0.5545 0.69 
0.36987 40.52xl0 -2 35.77xl0 -2 6.48xl0 -3 0.6303 0.68 
0.36421 40.52xl0 -2 35.77xl0 -2 6.58xl0 -3 0.6401 0.70 
0.34655 50.35x10 -2 45.54x10 -2 7.01x10 -3 0.6819 0.67 
0.34144 50.35xlo- 2 45 . 47x10 -2 7.21xl0- 3 0.7014 0.71 
a,b,c,d,e see page 271. 
a C. is the notation used to indicate the initial concentration of the ｾ＠
phenol solution as determined by analysis. 
b c is the notation used to indicate the equilibrium concentration e 
of the phenol solution as determined by analysis. 
c CjDBlBC6 is the notation used to indicate the amount of phenol in the 
resin phase in mol.g-l of dry resin as calculated from ･ｱｵ｡ｾ＠
tion 3.3.4. 
d xA is the notation used to indicate the mole fraction of phenol in the 
resin phase as obtained from eqn. 3.5.5. 
e log K' is the notation used to indicate the logarithm of the equili-ex 
briurn constant of extraction K' as obtained from eqn. 3.5.4. 
N 
-......! 
I-I 
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(a) the heat of dilution of the solution phase when its 
concentration changes from ｾｬ＠ to 92 and 
(b) the heat of immersion of the resin in water. The heats 
corresponding to the dilution of thiourea by water were 
available in the literature:Js? Heats of dilution of 
phenol in water were determined by titration calorimetry. 
In order to study the influence of the solvent on the 
interaction of thiourea with the resin, the heat associated 
with the reaction taking place when a certain amount of resin 
was added to a methanolic solution of thiourea was also 
measured. The apparent enthalpy change of reaction at diffe-
rent solution concentration for thiourea and phenol in water 
and thiourea in methanol are shown in Tables ＳＮＶＰｾＳＮＶＲＮ＠
Table 3.63 shows all the apparent thermodynamic parameters 
for thiourea and phenol. In this table the apparent free 
energy change was determined from the expression 
6.G' = -RTln K' 
ex ex 
(3.5.10) 
where R and T represent the universal gas constant and the 
working temperature, respectively. 
The apparent enthalpy change was determined from . the 
slope of the straight line obtained when the net heat of 
reaction (QN) was plotted against the number of moles of 
the organic species uptaken per gram of resin Ｈｃｾｄｂｬｓｃ Ｖ Ｉ＠
(Fig. 3.18). The uncertainties are expressed as the 
standard deviation of the mean obtained from the ｶ｡ｬｵ･ｾ＠
reported in Tables 3.60 and 3.61. 
·- ﾷﾷ Ｍ ﾷ ﾷ ﾷ ＭＭﾷﾷ ﾷﾷﾷＭＭ ＭｾｾＭ ＭﾷＭ ＭＭ Ｍ ＭＭＭＭＭＭＭＭＭＭＭＭ ＭＭＭＭ
Table 3:ffo Enthalpy change for the reaction between thiourea and ｾｄｂＱＸｃＶ＠ in water at 298K. 
Weight of Q a 6Hdi1 
b ., c c.d C e f ｾｈｧ＠
resin (g) R -1 cal.rno1-1 Ｇﾷ ﾷ Ｇｑｾ＠ I -1 ｾ＠ -3 e -3 G_¢nB18C6 -1 cal.g cal.g mo1.dm mo1.dm Kcal.mo1 
0.35028 -11.917 1.4 - 3.463 9.77x10 -2 9.24xl0- 2 7.64x10 -4 -4,533 
0.35579 -12.030 1.3 
- 3.576 9.77x10 -2 9.24x10 -2 7.52x10 -4 -4,755 
0.35545 -14.205 2.1 - 5.753 20.84x10 -2 19.96x10 -2 1.25x10 -3 -4,602 
0.35408 -13.931 2.0 - 5.479 20.84x10 -2 19.99x10 -2 1.21x10 -3 -4,528 
0.35395 -15.665 2.8 - 7.212 -2 -2 -3 
-4,714 30.95x10 29.88x10 1.53x10 N 
-.......) 
-2 -2 -3 w 0.35594 -18.122 3.6 
- 9.675 41.97x10 40.50x10 2.08x10 -4,651 
0.35498 -18.305 3.8 - 9.859 41.97x10 -2 40.47x10 -2 2.13x10 -3 -4,629 
0.35545 -20.159 3.9 -11.714 51.17x10 -2 49.45x10 -2 2.45x10 -3 -4,781 
0.35508 -19.806 4.3 -11.363 51.17x10 -2 49.45x10 -2 2.45x10 -3 -4,638 
h -1 Q1 = -8,455 cal.g 
a,b,c,d,e,f,g,h see page 274. 
------------------------------------------------------------------------------ --·---
a QR is the notation used to indicate the observed heat of reaction. 
b L\Hdil is the notation used to indicate the enthalpy change due to dilution 
b . d f 1. 1 157 as o talne rom lterature va ues. 
c QN is the notation used to indicate the net heat of reaction as obtained 
after correction for the heat of immersion of the resin (Q1 ) and heat of dilution of the thiourea solution (Qdil). 
d C. is the notation used to indicate the initial concentration of the thiourea l 
solution as determined by analysis. 
e C is the notation used to indicate the equilibrium concentration of the e 
f 
thiourea solution as determined by analysis. 
ｃｾｄｂＱＸｃＶ＠ is the notation used to indicate the amount of thiourea in the resin 
phase in mol.g-l of dry resin as calculated from eqn. 3.3.4. 
ｧｾｈ＠ is the notation used to indicate the enthalpy change for the process of 
extraction as determined from the ratio between QN and ｃｾｄｂｬｓｃ Ｖ Ｎ＠
h Q1 is the notation used to indicate the heat due to the immersion of the 
resin in water. 
N 
-.......! 
+' 
Table ＳｾＶＱ＠ Enthalpy change for the reaction between phenol and gnB18C6 in water at 298K. 
Weight of 
resin (g) 
0.36441 
0.37347 
0.36995 
0.36578 
0.37999 
0.37719 
0.36598 
0.34870 
0.36987 
0.36421 
0.34655 
0.34144 
0.36709 
0.35331 
Q a 
R -1 
ca1.g 
-17.745 
-17.442 
-22.505 
-22.528 
-27.971 
-28.133 
-31.418 
-31.554 
-35.327 
-35.313 
-37.528 
-37.443 
-39.967 
-39.837 
Q1h = -9.162 ca1.g- 1 
b 
.6Hdi1 -1 
ca1.mol 
+227.2 
+226.7 
+218.1 
+218.1 
+214.2 
+214.2 
+213.0 
+212.8 
+211.2 
+211.2 
+211.1 
+211.5 
+210.0 
+210.1 
a,b,c,d,e,f,g,h see page 276. 
c 
QN -1 
cal.g 
- 9.071 
- 8.761 
-14.065 
-14.097 
-19.824 
-19.995 
-23.470 
-23.605 
-27.533 
-27.541 
-29.847 
-29.806 
-32.433 
-32.314 
c.d 
ｾ＠ -3 
mo1.dm 
-2 6.70x10 
6.70x10- 2 
-2 11.79xl0 
-2 11.79xl0 
-2 20.44x10 
-2 20.44x10 
29.59xl0- 2 
-2 29.59xl0 
-2 40.52x10 
-2 40.52xl0 
-2 50.3Sxl0 
50.35xl0- 2 
-2 60.80x10 
-2 60.80xl0 
C e 
e -3 
mol.dm 
-2 5.15x10 
5.13xl0- 2 
9.36xl0- 2 
9.36x10- 2 
-2 16.87x10 
-2 16.87x10 
-2 25.46xl0 
-2 25.65xl0 
-2 35.77xl0 
-2 35.77xl0 
-2 45.54xl0 
-2 45.,47xl0 
-2 55.16x10 
-2 55.30xl0 
f ｃｾｄｂＱＸｃＶ＠
-3 2.15xl0 
2.12xlo-3 
3.3lx10- 3 
3.35xl0-3 
4.74xlo- 3 
-3 4.78x10 
-3 5.70xl0 
· 5.70xl0- 3 
6.48x10- 3 
6.58xlo- 3 
7.0lx10-3 
7.21x10- 3 
7.75xl0- 3 
7.80xl0- 3 
D:.Hg 
, -1 
.cal. mol 
-4,219 
-4,133 
-4,249 
-4,208 
-4,182 
-4,183 
-4,117 
-4,141 
-4,249 
-4,185 
-4,258 
-4,134 
-4,185 
-4,143 
N 
-....J 
Vi 
a QR is the notation used to indicate the observed heat of reaction. 
b 6Hdil is the notation used to indicate the enthalpy change due to dilution 
as obtained by titration calorimetry (section 2.12.8). 
c QN is the notation used to indicate the net heat of reaction as obtained 
after correction for the heat of immersion of the resin (Q1 ) and the 
heat of dilution of the phenol solution (Qdil). 
d c. is the notation used to indicate the initial concentration of the 
l 
phenol solution as determined by analysis. 
e C is the notation used to indicate the equilibrium concentration of the 
e 
phenol solution as determined by analysis. 
f ｃｾｂｬＸｃＶ＠ is the notation used to indicate the amount of phenol in the resin 
phase mol.g-l of dry resin as calculated from eqn. ｾＮＳＮｾＮ＠
g AH is the notation used to indicate the enthalpy change for the process of 
extraction as determined from the ratio between QN and ｃｾｄｂｬｂｃ Ｖ Ｎ＠
h Q1 is the notation used to indicate the heat due to the immersion of the 
resin in water. 
ｾ＠
ｾ＠
0' 
Table 3.62 . Enthalpy change for the reaction between thiourea and ｾｄｂＱＸｃＶ＠ in methanol at 298K. 
Weight of Q a Q b c.c C. d 
G_¢nB18C6 
e 6.Hf 
resin (g) R -1 N -1 ｭｯｬｾ､ｭＭ Ｓ＠ e -3 -1 cal.g ca1.g mol.dm cal.mo1 
0.34602 
-19.377 
- 6.510 -2 -2 -3 
-4,369 30.68x10 29.66xl0 1.49x10 
0.35772 
-19.281 
- 6.414 -2 -2 -3 
-4,423 30.68x10 29.66xl0 1.45xl0 
0.36318 
-20.583 
- 7.716 -2 -2 -3 
-4,311 41.31xl0 40.02K10 1.79x10 
0.35643 
-20.575 
- 7.708 -2 -2 -3 
-4,455 41.3lx10 40.08x10 1.73xl0 
0.35394 
-21.359 
- 8.493 -2 -2 -3 
-4,311 51.60xl0 50.22x10 1.97x10 
N 
-2 
-2 
-3 -.......! 0.34297 
-21.416 
- 8.549 51.60x10 50.29x10 1.93xl0 
-4,429 -.......! 
0.35203 
-23.514 
-10.647 -2 -2 -3 
-4,192 69.00xl0 67.23x10 2.54x10 
0.34781 
-23.289 
-10.422 -2 -2 -3 
-4,397 69.00xl0 67.37xl0 2 .. 37xl0 
0.18886 
-23.674 
-10.807 69.00x10- 2 68.05x10 -2 2.54xl0 -3 
-4,255 
Q1g = -12.867 cal.g -1 
a,b,c,d,e,f,g,h see page 278. 
I ' 
a QR 
b QN 
c c. 
l 
d c 
e 
is the notation used to indicate the observed heat of reaction. 
is the notation used to indicate the heat of reaction after correction 
for heat of immersion of the resin (Q1 ) in methanol. 
is the notation used to indicate the initial concentration of the 
thiourea solution as determined by analysis. 
is the notation used to indicate the equilibrium concentration of the 
thiourea solution as determined by analysis. 
e C_9DB18C6 is the notation used to indicate the amount of thiourea in the 
resin phase in mol.g-l of dry resin as calculated from ･ｱｮＮＳＮＳｾｾ＠
f ｾｈ＠ is the notation used to indicate the enthalpy change for the process 
of extraction as determined from the ratio between QN and ｃｾｄｂｬｂｃ Ｖ Ｎ＠
g Q1 is the notation used to indicate the heat due to immersion of the 
resin in methanol. 
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Fig. 3.18 Plots of QN against ｃｾｄｂｬ Ｘ ｃ Ｖ＠ for ｴｨｾ＠
reactions between aqueous solutions of 
phenol and thiourea and methanolic solu-
tion of thiourea and jDB18C6 at 298K. 
x Thiourea in water 
• Thiourea in metha-
nol 
o Phenol in water 
2 4 6 8 10 12 
3 -1 ｃｾｄｂｬｓｃ Ｖ ｸｬｏ＠ (mol.g ) 
Table 3.63 Apparent thermodynamic parameters for the extraction of thiourea and 
phenol by ｾ＠ DB18C6 at 298 K. 
Solvent Compound 
Hater thiourea 
Water phenol 
Methanol thiourea 
log K' a 
ex 
0.63±0.02 c 
0.72±0.0ld 
-
"H, b 
LJ..; e)( 
-1 Kcal.mol 
ＭＴＭ｡ＷＳｾ＠
ＭＴｾＱＷｾ＠
-4.10e 
1\.G-' ｾ＠ Q.l( 
-1 Kcal.mol 
-0.86 
-0.98 
Ｖｓｾｸ＠
-1 •1' 
cal.mol K 
-13.0 
-10.7 
a Values obtained from the intercept of the plot of log D versus log (1-x),(Fig. 
b Values obtained from the slope of QN VS Cj>DB18C6 (Fig. 3.18). 
c Uncertainty expressed as the standard deviation of the mean of the values given 
in Table 3.58 . 
d Uncertainty expressed as the standard deviation of the mean of the values given 
in Table 3.59. 
3.17) 
e FromAH' calculated for each point in Tables 3.60 to 3.62 an average of -4.65±0.09; 
-4.19±0.05 _ and -4.35±0.09 were obtained for thiourea and phenol in water and 
thiourea in methanol, respectively. 
N 
00 
0 
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The apparent entropy change <6.s' ) 
ex 
was calculated from 
the expression 
f:lG' = 6R' - T ｾｓ＠ ' ex ex ex (3.5.11) 
It is seen that the free energy ｣ｨ｡ｮｧ･Ｌ Ｎ ｌ｜ｇｾｸ＠ , in both 
cases, for thiourea and phenol, in water are negative. This 
arises from the favourable enthalpy (negative) change,L1H' 
ex 
because the entropy change (negative) is unfavourable. 
Certainly, the molecules involved in this particular 
case are rather large in comparison to the size of the cavity 
of the crown ether, consequently, the possibility of inclusion 
complex formation between thiourea or phenol and the resin 
must be ruled out. The situation in the case of the resin 
must be somewhat comparable to that of the crystal structure 
of crown ether complexes since it could be ｾｯｲｲ･｣ｴｬｹ＠ assumed 
that the crown ether being part of the resin must retain 
a rather compact structure and structural rearrangements 
which are found when crown ethers are in solution would 
certainly not apply in the case of the resin. Looking at the 
structure of j dibenzo-18-crown-6 it may be possible that a 
similar situation to that found in the 1:1 adduct formed 
. 1'56 '· between a linear crown ether and ｴｨｾｯｵｲ･｡＠ , could 
be applied for thiourea (Fig. 3.19). 
The central oxygen atoms which are least affected by the 
benzene rings could accept two hydrogen bonds while the other 
- .282 -
Fig. ｾｾＱＹ＠ .Suggested interaction between thiourea and 
ｾｄｂＱＸｃＶＮ＠
0 Oxygen 
-
Nitrogen 
• Hydrogen 
-----
Hydrogen bonds 
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four atoms could accept one hydrogen bond each. In both cases. 
a number of relatively weak interactions between the host 
and guest molecule could be taking place. The similar order 
of magnitude found for the apparent thermodynamic parameters 
between jdibenzo-18-crown-6 and thiourea, and . between 
ｾ､ｩ｢･ｮｺｯＭＱＸＭ｣ｲｯｷｮＭＶ＠ and phenol (Table ＳＮｾＳＩ＠ seem to indi-
,.. 
cate that the interactions taking place between the resin 
and thiourea and the resin and phenol must be rather similar. 
The enhanced effective capacity for phenol (10.14xl0- 3mol.g-l) 
seems to indicate that four molecules of phenol are interact-
ing per unit of crown ether and a similar situation of that 
suggested for thiourea could arise in the case of phenol 
(Fig. 3.20). It seems that the solvent does not exercise 
any influence on the extraction. The apparent enthalpy 
change for thiourea in methanol have the same order of 
magnitude as that for thiourea and phenol in water. 
- ·284 -
Fig. 3.20 Suggested interaction between phenol and 
ｾｄｂＱＸｃＶＮ＠
0 Oxygen (crown) 
e Oxygen (phenol) 
• Hydrogen 
------
Hydrogen bonds 
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